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Abstract 
 
 
The effects of early handling on play behaviour, faecal corticosteroid metabolite 
concentrations and social interactions during regrouping was studied in 40 Holstein Friesian 
group housed dairy calves. Calves were exposed to either positive (handler speaking quietly 
and using pats, n=20) or negative (pushing the animals and using harsh voices, n=20) 
handling for five minutes, twice a day, for five weeks (1-5 weeks of age). Fresh faecal 
samples were collected daily from each group for corticosteroid metabolite analysis. Play 
behaviour was video recorded for 30 minutes, once a week, for five weeks. There were no 
differences in the frequency of any play behaviour between the positive and negative 
treatments (mean values; positive: 2.5 events/animal/30 minutes, negative: 3.1 
events/animal/30 minutes, P≥0.122). Play running increased by 12 seconds between weeks 
one and two (SED: 2.0, P=0.000) and decreased by 11 seconds between weeks four and five 
(SED: 2.0, P=0.022) when treatment groups were combined. The negative groups tended to 
have higher maximum concentrations of corticosteroid metabolites (positive: 77 ng/g, 
negative: 148 ng/g, SED: 18.8, P=0.064) during the first week of handling than the positives 
(two groups/treatment).   
In a follow up study conducted at nine months of age, the initial 40 animals and 20 
control animals (i.e. animals that received normal on-farm handling) of the same age were 
assessed on their fearfulness of humans (avoidance test, and latency to approach a food 
container with and without a handler present), and their social behaviour during regrouping, 
focussing on aggression. There were no treatment differences in the latency to approach the 
food container (latency to approach container with and without handler, positive: 21 seconds, 
negative: 22 seconds, control: 23 seconds, SED: 4.0, P=0.365) and avoidance test scores 
(positive: 1.3, negative: 1.2, control: 0.9, SED: 0.26, P=0.528); nor were there any 
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differences in behaviours exhibited during regrouping (eating: 11, 10, 10 N
o
/animal/15 
minutes, SED : 1.3, P=0.680, head to head duration >1 second: 0.7, 0.6, 0.3 N
o
/animal/15 
minutes SED: 0.14, P=0.630, agonistic behaviours: 1.4, 1.6, 2.2 N
o
/animal/15 minutes, SED: 
0.42 , P=0.290, for positive, negative and control, respectively). Unfamiliar animals 
performed more head to head behaviours (duration >1 second; familiar: 0.44 N
o
/animal/15 
minutes, unfamiliar: 0.94 N
o
/animal/15 minutes, SED: 0.18, P=0.049) than familiar animals 
(positive, negative and control). 
In conclusion, early handling had no effect on play behaviour in dairy calves; 
however negatively handled calves tended to have higher faecal corticosteroid metabolites. 
Also there were no detectable differences in calves‟ fearfulness of humans or social 
behaviours at nine months of age; however positively and negatively handled animals showed 
less avoidance behaviours and performed fewer aggressions compared to animals that 
received minimal handling (control and unfamiliar: trend only). These results could have 
been influenced by the animals habituating to the negative handling or the length of time 
between handling application (one to five weeks of age) and social behaviour testing (nine 
months of age). However, further research is needed to determine how the amount of 
handling received at an early age influences fearfulness, play and social interactions in 
calves.  
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Chapter 1 
 
 
 
General Introduction  
 
The following introduction reviews the effect of stockmanship on the welfare of 
livestock, followed by a consideration of how corticosteroids can be used to assess the 
welfare of animals. I then examine the effect play behaviour has on development particularly 
focussing on juvenile cattle and pigs, and its significance for animal welfare. Finally the 
development of social behaviours will be discussed and how this can be influenced by 
previous experience in early life. The aims and objectives of this study complete the section, 
which highlights gaps in the literature and how this study seeks to fill some of these gaps in 
knowledge.  
 
STOCKMANSHIP 
In the agricultural industry human-animal interactions are a daily part of life. The role 
humans play in the environment of domesticated animals and their impact on animal 
behaviour and welfare has been researched for the past 20 years. Research has revealed 
significant relationships between stockpersons‟ attitudes and behaviour towards animals and 
the behaviour and productivity of these animals (Breuer et al., 2000; Hemsworth et al., 2000; 
Rushen et al., 1998). Therefore from both an ethical and economic stand point, a reliable 
means to improve stockmanship needs to be developed (Boissy & Bouissou, 1988). 
Hemsworth (2003) assessed stockperson-animal interactions and found a reciprocal 
relationship between a stockperson‟s attitude and behaviour on an animal‟s fear and welfare. 
This means that an animal‟s behaviour is influenced by the attitude of the stockperson. 
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Therefore animals which have been handled negatively will be more fearful of people and 
more fearful animals will result in a more agitated stockperson. Fear of humans has been 
associated with decreased growth and reproduction in pigs and decreased milk yield and 
immunosuppression in commercial dairy cows (Boissy & Bouissou, 1988; Hemsworth et al., 
2000; Hemsworth, 2003). Furthermore, lack of regular handling can lead to higher reactivity 
to humans which may result in injury to both animals and human handlers (Hemsworth, 
2003; Le Neindre et al., 1996). Although there is literature illustrating that good 
stockmanship is vital to ensure the welfare of domesticated livestock there is little reliability 
in the tests being used (de Passillé & Rushen, 2005). Reliability can refer to test-retest 
reliability, which refers to the consistency between scores taken when the test is repeated or 
inter-observer reliability referring to the consistency between scores taken by two difference 
observers (de Passillé & Rushen, 2005). During on farm assessments video cameras and 
measuring grids may not be able to be used therefore judging measurement accurately may be 
difficult, resulting in reductions in reliability (de Passillé & Rushen, 2005). Stockmanship 
itself can be difficult to measure as it differs depending on the person‟s age, experience and 
mood. Therefore for stockmanship to be measured effectively the animal‟s responses, both 
physiological and behavioural, need to be measured accurately. de Passillé & Rushen (2005) 
highlight concerns about the reliability of animal-human fear tests, especially as these tests 
are being used increasingly for “on farm” animal welfare audits. Therefore it is important that 
we look at validating these measures.   
Livestock‟s fear of humans can lead to changes in behavioural and physiological 
changes resulting in welfare issues (Waynert et al., 1999). The fear response has been 
attributed to the quantity and quality of previous encounters with humans (Boissy & 
Bouissou, 1988; Breuer et al., 2003; Hemsworth et al., 2000; Hemsworth, 2003). As the 
number of farms and stocking densities increase, and more intensive farming systems are 
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adopted, dramatic reductions in the interactions between humans and individual animals have 
occurred (Grignard et al., 2001; Le Neindre et al., 1996; Rushen et al., 1999). When animals 
do have contact with humans it is generally associated with aversive and painful or stressful 
events such as confinement in a crush or veterinary procedures (Grignard et al., 2001). At 
present a number of tests are used to assess the fearfulness of animals towards humans. The 
most commonly used tests are the (a) novel arena and object test, (b) voluntary approach and 
forced approach, (c) restraint tests and (d) handling tests (Forkman et al., 2007). These tests 
are commonly conducted on animals individually however some studies have looked at 
groups of animals particularly in novel object and novel environment tests (Forkman et al., 
2007). Novel arena tests are commonly used in calves, heifers and cows of varying ages. 
Measures recorded in a novel arena test usually include latency to enter and exit the arena, 
locomotory activities, exploration, eliminative behaviours such as defecation, vocalisation 
and number of escape attempts (Forkman et al., 2007). The recordings associated with the 
novel arena test are not easily repeated or validated. However the most repeatable measures 
are movement, vocalisations and time spent immobile or exploring (Forkman et al., 2007). 
There is also little consistency in the use of novel object tests in cattle where measures 
include latency to contact a novel object, distance from the novel object, frequency or 
duration of contact, exploration, body posture and vocalisations (Forkman et al., 2007). 
Human approach tests are commonly conducted in pigs with great success. Scott et al. (2009) 
conducted an approach test on pigs both individually and in groups. In this test a human 
approached the pigs and attempted to maintain contact for approximately 10 seconds (Scott et 
al., 2009). Both groups and individual pigs produced consistent results therefore indicating 
that a human approach test is a reliable way to assess fear in pigs (Scott et al., 2009). Similar 
results were also seen when the validity of the human approach tests was assessed in group 
housed dairy calves (Rousing et al., 2005). Calves from seven different commercial farms 
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were approached by a familiar and unfamiliar individual in their home pen on two different 
test days to assess test-retest and inter observer reliability as well as the effects of familiarity 
of the observer on testing. Animals were scored based on whether they withdrew from the 
handler, allowed the handler to touch them on the shoulder or allowed the handler to kneel 
and touch them on the head (Rousing et al., 2005). During the inter observer reliability test 
the familiar and an independent observer both scored 58% of animals as able to be 
approached and touched on the head.  When an unfamiliar handler tested the same group of 
animals on a different day, to assess test-retest reliability, they also scored 58% of calves as 
able to be approached and touched on the head (Rousing et al., 2005). When the familiarity 
on the behavioural responses of calves during an approach test was examined it revealed that 
54% of the calves were scored the same by the familiar and unfamiliar handlers (Rousing et 
al., 2005). Calves on five of the seven farms tested were not affected by the familiarity of the 
tester however on two of the farms there was a difference detected in behavioural 
categorisation with familiarity (Rousing et al., 2005).  Flight distance and flight speed are 
also commonly used to evaluate fear in cattle. Flight speed is used because it is quick and 
easy to perform, highly repeatable and does not require a handler to be confined in a small 
area with a fearful animal (Petherick et al., 2009a). Flight speed is thought to reflect 
fearfulness and has been shown to highly correlate with measures of productivity such as live 
weight gains and food conversion efficiency in beef cattle (Petherick et al., 2009a). 
There are a number of experiments which have directly manipulated the type and 
duration of handling an animal received to investigate how this affects their productivity, 
behaviour and ultimately their welfare. Manipulation of handling usually involves groups 
handled positively or negatively and either a control, minimal contact or inconsistent 
handling group. The durations of the handling treatment can vary significantly both in terms 
of individual handling durations and length of treatment application; however significant 
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differences have been detected from handling treatments applied to pigs for only 30 seconds a 
day five days a week for 10 weeks (Hemsworth & Barnett, 1991). In pigs aversive handling 
can decrease growth rates by 11% and pregnancy rates by 62% (Rushen et al., 1999) and 
similar results have also been found in dairy cows (Breuer et al., 2000; Breuer et al., 2003). 
 Negative tactile handling which may include shocks with battery operated prodders 
and hand slaps have been associated with an acute stress response in dairy cattle, resulting in 
higher basal cortisol concentrations than in positively handled animals (Breuer et al., 2003). 
In an experiment looking at the effect of positive and negative tactile handling in dairy 
heifers, heifers were allocated to two groups based on their weight; treatments were enforced 
individually twice a day, for two to five minutes, seven days a week, for five weeks. The 
positive treatment group consisted of slow deliberate movements towards the animals and 
using close approach to impose pats, strokes and to rest the hand on the cow‟s back (Breuer et 
al., 2003). The negative handling group consisted of slaps or hits with a short piece of plastic 
pipe on the rump region (Breuer et al., 2003). Animals from the negative handling group that 
approached the handler (or failed to actively avoid the approach of a handler) as the animal 
was moved individually along a treatment route, received a more forcefully hit or slap 
(Breuer et al., 2003). The findings in Breuer et al. (2003) indicated that the negatively 
handled animals were more fearful of humans when physiological and behaviour indicators 
of fear were assessed. Beef cattle that received negative handling showed significant 
reductions in live weight and body condition when compared with positively handled animals 
fed under the same conditions (Petherick et al., 2009b). Petherick et al. (2009b) attributed this 
weight and condition loss to change which occurred in metabolism, which was mediated by 
the stress response. Pigs seem to be particularly sensitive to the aversive effects associated 
with handling. Hemsworth et al. (1986) conducted an experiment looking at the effects of 
positive, negative and minimal contact on 11 weeks old male and female pigs. Handling 
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treatments were applied for five minutes, three days a week for approximately 13 weeks. The 
positive treatment consisted of stroking the pig when it approached the experimenter, while 
the negative treatment consisted of forcing the pig away when it approached the 
experimenter, and minimal handling consisted of the experimenter interacting with the 
animals as little as possible (Hemsworth et al., 1986). In an approach test conducted at 18 
weeks of age, animals from the positive treatment group were quicker to approach within 
0.5m of an experimenter and interacted more with the experimenter than animals from the 
other two treatments (negative and minimal handling) (Hemsworth et al., 1986). In another 
study the influence of positive, negative, inconsistent (a mixture of positive and negative) and 
minimal handling on the behaviour, growth and free corticosteroid concentrations of 32 
young female pigs were examined (Hemsworth et al., 1987). The handling treatments were 
applied for three minutes, three times a week from the age of seven to 13 weeks (Hemsworth 
et al., 1987); the results showed that animals from the positive and minimal handling group 
had higher growth rates than the other two treatments (Hemsworth et al., 1987). The negative 
and inconsistent treatment groups also had higher levels of free corticosteroids and were 
more fearful of people in an approach test at 14 weeks of age (Hemsworth et al., 1987). All of 
these experiments highlight how handling can significantly affect growth rates and fear of 
humans. Even when handling treatments are applied for short periods of time (e.g. two to five 
minutes, three times a week) a chronic stress response can occur which can have significant 
impacts on the animal‟s health and welfare. Positive handling, applied regularly, from an 
early age has shown to help overcome handling difficulties in cattle (Boivin et al., 1998; 
Grignard et al., 2001; Lensink et al., 2001). 
 Research has shown that certain types of noises, especially voices and shouting, 
during routine handling of cattle may also evoke or contribute to the fear response in cattle 
(Waynert et al., 1999). Cattle hear at higher frequencies than humans so higher pitched 
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sounds may be aversive and easily associated with negative handling experiences (Waynert et 
al., 1999). It is believed that the novelty, suddenness and unexpected nature of noise triggers 
a fear response in cattle (Waynert et al., 1999). An experiment was conducted to investigate 
how animals reacted to two commonly heard noises during routine handling procedures (i.e. 
metal clanging metal or humans shouting). In this trial 30 animals were separated into two 
groups one presented with recordings of people shouting and the other group consisted of 
pre-recording of metal clanging. Overall the voice treatment produced the most dramatic 
difference in heart rate and movement. Heifers showed signs of habituation to the noises in 
both treatments over the five day trial period. Despite this it is thought to be unlikely that 
cattle would habituate to similar noises if handled infrequently (Waynert et al., 1999).  
Habituation to handling in cattle is not uncommon. Based on human perception, 
contact gentling, such as patting or brushing, is thought to be a rewarding experience for an 
animal. Previous research has shown that gentling can be useful in decreasing avoidance 
behaviours and increasing ease of handling, if applied regularly from an early age and seems 
to be particularly successful around 1.5 months of age or at weaning (Boissy & Bouissou, 
1988; Boivin et al., 1992; Boivin et al., 1998).  However Boivin et al. (1998) illustrated that 
animals that had the choice to be brushed stopped interacting with the handler over a two 
week period. Calves which had brushing forced on them accepted the treatment within five 
days spending significantly more time motionless than the calves that had a choice to be 
brushed (Boivin et al., 1998). Due to the fact that animals from the brushing treatment did not 
actively approach the handler to be brushed indicates that the acceptance of gentling contact 
may be the result of habituation as opposed to positive reinforcement (Boivin et al., 1998). 
Andrade et al. (2001) conducted a study on 18 Brahman cattle to assess the stress response 
associated with repeated handling in a squeeze chute when an animal was restrained for 10 
minutes, with and without a mask being placed over the eyes. The mask was made of leather 
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and was placed over the animals eyes immediately upon entering the squeeze chute. Each 
cow from both treatment groups were tested with and without the use of the mask. Blood 
samples were collected on five days throughout the trial period to analyse cortisol 
concentrations (Andrade et al., 2001). There was a significant reduction in cortisol 
concentrations as the experiment advanced indicating the animals were habituating to the 
handling treatment (Andrade et al., 2001). In contrast to this evidence, research has shown 
that cattle do not become accustomed to repeated human handling if it is truly an aversive 
situation (Petherick et al., 2009b) but rather habituated to repeated handling, which was likely 
the case in the Andrade et al. (2001) study. Chickens can habituate to the repeated presence 
of humans and habituation can lead to reductions in corticosterone levels, increase egg 
production and reduced withdrawal from people (Markowitz et al., 1998). Habituation is 
thought to occur, when an animal learns there is always an eventual escape without any 
serious harm from a repeated handling situation (Andrade et al., 2001). Meaning that if an 
animal is repeatedly subjected to a temporary situation in which they experience no long 
lasting physical trauma they will learn that there is nothing to fear. Therefore habituation may 
depend on the frequency, predictability and controllability of the situation (Andrade et al., 
2001). These factors will thereby influence the perceived aversiveness of the handling 
procedure.  
There is little knowledge as to whether animals can discriminate between different 
people and also to what extent they generalise their previous experiences to all people 
(Rushen et al., 1998). de Pasillé et al., (1996) showed that calves were able to discriminate 
between individuals who had handled them positively and those who had handled them 
negatively in their home pens; however, when retested in an novel area they were unable to 
discriminate between the handlers. In a further experiment when the calves were handled in a 
novel arena, after seven treatments the calves had more contact with the positive handler and 
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continued to do so when retested in their home pens (de Passillé et al., 1996). Similar results 
were found when cows were handled adversely and positively in two different locations. In 
the stall, where the cows received the adverse treatment, the animals stood further away from 
both the handler and the unfamiliar person compare to the stall where they were handled 
positively (Rushen et al., 1998). Breuer et al. (2003) found that negatively handled, non 
lactating, 5-14 months old heifers showed significant increases in flight distance when 
approached by a handler when compared with their positively handled counterparts. In an 
approach test heifers took similar amounts of time to approach within one to two metres of an 
unfamiliar and familiar person indicating that they were unable to discriminate between the 
two people (Breuer et al., 2003). These results illustrate that the environment where positive 
and negative handling is applied may have a significant influence on how they react in future 
situations. 
It has been suggested that there are favourable periods in which human-animal 
relationships can be formed in cattle, one in the first three months of life and again at 
weaning (Boivin et al., 1992; Jago et al., 1999). This means that directly after birth and at 
weaning the behaviour of animals is more likely to be influenced by the environment and by 
handling from humans. For example if during this period animals were treated negatively, 
they are more likely to become fearful of humans. Traditionally, at this early stage in life, 
interactions during feeding time are enough to maintain a positive relationship between 
humans and stock (Jago et al., 1999). Positive relationships are maintained via operant or 
classical conditioning, meaning that young stock would learn to associate humans with a 
reward such as the delivery of milk or other feed supplements (Jago et al., 1999). Therefore at 
an early age it is likely that the animals‟ perception of people is linked with the type and 
duration of contact they experience (Boivin, 1994). However in intensive farming systems 
automated feeders are commonly used therefore resulting in less time spent with young 
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livestock during these critical periods, which may cause animals to be more fearful of 
humans later in life (Jago et al., 1999).  
 Boissy and Bouissou (1988) conducted an experiment looking at the effects of 
handling at difference life stages in dairy calves. This experiment utilised 40 Friesian heifers 
that were randomly assigned to one of four groups from birth. Group 0-3 was handled from 
birth to three months of age, Group 6-9 was handled from the age of six to nine months, 
Group 0-9 were handled from birth until nine months of age, and the control group was only 
handled when necessary in compliance with normal husbandry practise. All animals were 
handled three times a week for 30 days (during this time they were all raised under standard 
husbandry practises). All groups excluding the control group would be brushed twice a day 
and lead with a halter (Boissy & Bouissou, 1988). At 15 months of age each animal was 
tested individually in a series of tests designed to measure fearfulness of the animal both in 
the presence and absence of humans. The absence of humans tests involved the animals 
clearing (jumping or walking over) an object- animals were isolated from their group and had 
to get over a piece of corrugated iron to rejoin them and an open field test which looked at 
different behaviours performed while the animal was in social isolation and feeding in an 
unfamiliar environment. The tests conducted in the presence of humans involved feeding near 
a human in which food was offered to the animals in a familiar environment with a human 
nearby, flight distance involved a human approaching an animal from the front while they lay 
down, a capture test which assessed the time it took for the animal to be caught and a halter 
put on, a leading test involved the animal being led down a corridor and being scored based 
on ease of movement, and a tethering test in which the animal was separated from their 
groups and tethered for four minutes. The results from these tests indicated that the group 0-9 
were less reactive and ate significantly more in the tests conducted in the presence of humans. 
Group 0-9 had the lowest mean flight distance and were also significantly easier to capture 
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and voluntarily walked more in the leading test when compared to the other treatment groups. 
The control and group 0-3 were the most difficult to capture and lead, however their scores 
did not differ significantly. All groups showed increases in cortisol levels after testing. This 
experiment shows that prolonged handling from an early age is the most effective way to 
influence the human-animal relationship.  
 
CORTICOSTEROIDS AND WELFARE  
There is increasing interest in methods of assessing an animal‟s welfare using animal 
based measurements such as animal health, behaviour and physiology in on farm animal 
welfare assessments (Scott et al., 2009). Stress is a natural part of every animal‟s life and can 
manifest itself as measurable changes in behaviour and physiology. When there is a 
biological cost associated with a stress, such as immunosuppression or reduced reproductive 
success, then it is negatively impacting on an animal‟s welfare (Moberg, 2000).  There are 
four general biological responses available to an animal reacting to a stressor, behaviourally, 
via the neuroendocrine system, autonomic nervous system or the immune system (Moberg, 
2000). Typically the first defence against a stressor is for the animal to avoid it by altering its 
behaviour (Moberg, 2000). If this is unsuccessful or the animal is unable to do so in its 
environment (e.g. it is in a confined area) then the second defence is the flight or fight 
response activated by the autonomic nervous system (Moberg, 2000). The autonomic nervous 
system controls heart rate, blood pressure and gastrointestinal activity, which manifest as 
many of the physical signs we know as stress (Moberg, 2000). However autonomic nervous 
system activity can be very difficult to detect particularly outside of the laboratory (Moberg, 
2000). This is why the longer lasting hormonal effects associated with the autonomic nervous 
system are often studied. In mammals stressful situation cause the activation of the 
hypothalamic-pituitary adrenal axis (HPA) (Moberg, 2000). The activation of the HPA 
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causes the anterior pituitary gland to increase adrenocorticotropin (ACTH) synthesis. ACTH 
then stimulates the production and release of steroid hormones such as glucocorticosteroids 
(Siegel, 1980). Secretion of glucocorticosteroids alter glucose metabolism, increasing the 
concentration of glucose in the blood (Moberg, 2000) allowing the animal to mobilise body 
reserves and regulate the inflammatory response to injury allowing them to escape the 
stressor (Morrow et al., 2002). In the short term the stress response (HPA activity) can have 
an adaptive significance such as avoidance of a stressor  however if HPA activity is sustained 
it can impact significantly on an animal‟s growth, reproduction and the immune system 
(Morrow et al., 2002). There is an increasing interest in being able to accurately measure 
stress levels as an indication of animal welfare. However inter-animal variability needs be 
taken into account when measuring the stress response (Moberg, 2000). Animals of the same 
species may react differently to the same stressor depending on how threatening they 
perceive that stressor to be (Moberg, 2000). Previous experiences, age, social relationships, 
genetics and human-animal interactions are all known to modify the stress response (Moberg, 
2000). Therefore each animal‟s individual history needs to be taken into account and are 
important in determining the effects of stress on an animal‟s overall welfare. 
Metabolites of corticosteriods can be measured in a variety of ways, the most common 
being in serum or faecal matter. Collecting blood for serum analysis can be invasive and 
hormone concentrations can be dramatically affected by the handling and physical restraint 
associated with blood sampling if it is not done quick enough (McKenzie & Deane, 2005; 
Morrow et al., 2002; Möstl et al., 2002; Saco et al., 2008; Touma et al., 2004). Steroid 
hormones such as glucocorticosteroids are naturally secreted in varying concentrations 
throughout the day (Touma et al., 2004). When a blood sample is taken it is taken from a 
single point in time and does not account for any natural fluctuations; therefore, samples 
taken from the same animal at differing times of the day may vary considerably in 
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glucocorticosteroids concentrations (Touma et al., 2004). Alternatives to blood sampling, 
which are less invasive, include collecting saliva, urine or faecal matter to analyse steroid and 
metabolite concentrations (McKenzie & Deane, 2005; Touma et al., 2004). Faecal samples 
are often used instead of saliva or urine as samples are much easier to collect either via direct 
extraction or collected once excreted with little disruption to the animal. In faecal samples 
circulating hormones are metabolised in the liver and integrated over a period of time 
reflecting cortisol production while natural fluctuations in glucocorticosteroids are evened out 
(Morrow et al., 2002; Mülleder et al., 2003); this therefore makes them less affected by 
episodic fluctuation in hormone concentration caused by specific stressful events, offering a 
more accurate hormonal state of an animal (McKenzie & Deane, 2005; Morrow et al., 2002; 
Möstl et al., 2002; Touma et al., 2004). Due to faecal matter containing metabolised hormone 
concentration, there is a delayed effect between the stressful event and the peak in hormones. 
The position and magnitude of peak concentrations after a stressful event depend on the type 
of animal being studied and even the time of year. In sheep concentrations may peak around 
12-13 hours after the event (Möstl et al., 2002), whereas non pregnant cattle peak at around 
14-18 hours after a stressful event and lactating cattle peak at approximately 8-10 hours 
(Morrow et al., 2002). 
The presence of cortisol can have a significant effect on an animal‟s behaviour and 
welfare. Rumination in dairy cows is generally associated with relaxation and has shown to 
decline with an increase in cortisol levels (Bristow & Holmes, 2007). Increases in cortisol 
concentration have also been reported in cattle after periods of confinement or social isolation 
(Bristow & Holmes, 2007). Interaction with people can also initiate a stress response. The 
stress response triggered during negative human-animal interactions is attributed to the 
psychological stressor of fear (Grandin, 1997).  Fear of humans in pigs appears to lead to 
chronic stress effects such as sustained elevations of plasma corticosteroid concentrations 
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(Breuer et al., 2000). This may lead to the animals‟ welfare being put at risk due to the 
evaluated corticosteroid levels limiting protein metabolism and can also decrease the 
efficiency of the immune system (Breuer et al., 2000). Transport, regrouping and handling of 
pigs has also been shown to lead to a chronic stress response (elevated levels of free 
corticosterone), resulting in reduction in liveweight, increased aggression and increased skin 
and ear lesions (Ekkel et al., 1995). Breuer et al. (2003) found that cattle that were handled 
negatively (i.e. hit and slapped) experienced higher cortisol concentrations at 5, 10 and 15 
minute intervals after exposure to humans when compared to animals that were positively 
handled (i.e received pats and strokes). The positively handled cattle showed reductions in 
cortisol levels 10 minutes after exposure to humans whereas negatively handled animals‟ 
cortisol levels did not decline until after 15 minutes (Breuer et al., 2003). The negatively 
handled animals showed a significant reduction in liveweight when compared with the 
positive animals at the end of the trial despite the groups being similar in weight at the 
beginning (Breuer et al., 2003). This illustrates that negatively handled cattle were more 
fearful of humans and were stressed longer in the presence of a human, which resulted in a 
reduction in liveweight indicating their welfare was compromised.  
Further research in this area has also revealed that there are significant correlations 
between pigs voluntarily approaching a humans and cortisosteroid concentration (Hemsworth 
& Barnett, 1991). Pigs that were negatively handled took longer to approach a stationary 
human and had higher free corticosteroid concentrations (Hemsworth & Barnett, 1991). 
Similar results can also be observed when an ease of movement test is conducted on 
positively and negative handled animals. Animals which were positively handled took longer 
to be moved between two locations, which reflected a reduction in fear and cortisol 
concentrations (Breuer et al., 2003). In young pigs higher plasma cortisol concentrations have 
been correlated with a decrease in play fighting and running (Worsaae & Schmidt, 1980).  
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Stress can have dramatic effects of an animal‟s reproduction including altering sexual 
behaviours, delaying puberty, embryo implantation failures, spontaneous abortion, failure or 
delay in ovulation and suppression of spermatogenesis (Pottinger, 1999). Hemsworth et al. 
(1986) conducted an experiment to look at how positive and negative handling can affect the 
reproduction of commercially farmed pigs. Gilts from the negative treatment experienced 
lower pregnancy rates in their second oestrus and boars from the negative treatment had 
smaller testicles at 23 weeks of age (Hemsworth et al., 1986). Animals from the negative 
treatment group also had higher free corticosteroids levels in the absence of humans 
(Hemsworth et al., 1986). This experiment highlights how fear-induced stress responses, 
produced by the interactions between stockperson and animals, can dramatically affect both 
reproductive success and reproductive organ development. It has been proposed by Worsaae 
& Schmidt (1980) that situations which evoke negative emotions, such as a stressful event, 
will have a negative impact on play behaviour performance. Not only are positive emotions 
integral to play performance; play may be diminished in conditions which are intuitive of 
poor welfare (i.e. inadequate food supply). Therefore the presence of play has been proposed 
as a positive welfare indicator as it may indicate all the animals needs are met thus are in 
good welfare (Boissy et al., 2007). There is limited research in the area of play behaviour and 
cortisol concentrations however what research has been done has shown that play behaviour 
is negatively correlated with elevated plasma cortisol levels as seen in piglets (Worsaae & 
Schmidt, 1980). There is still plenty of research needed in this area, especially looking at 
stockmanship induced stress and whether negative experiences with humans can affect the 
overall performance of play behaviour (Hemsworth, 2003).  
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PLAY BEHAVIOUR 
We gauge the welfare of farmed animals on three broad questions 1) is the animal 
functioning well (biological functioning), 2) is the animal feeling well (affective state) and 3) 
is the animal able to live a reasonably natural life (natural living) (von Keyserlingk et al., 
2009). Most people are concerned with ensuring animals are functioning well and therefore 
do not suffer from disease or injury which may affect the overall productivity of the animal 
(von Keyserlingk et al., 2009). However it is becoming increasingly important, particularly 
from the view of the consumer, that animals do not suffer from unpleasant feelings such as 
hunger, thirst, pain or fear (von Keyserlingk et al., 2009).  The World Organisation for 
Animal Health defines an animal in good welfare as one that is “healthy, comfortable, well 
nourished, safe, be able to express innate behaviour, and. . . is not suffering from unpleasant 
states such as pain fear and distress” (von Keyserlingk et al., 2009, p. 4101). Other theoretical 
indicators of poor welfare are deficiencies in exploratory behaviours, learning and memory 
(Lauber et al., 2006). However these can be difficult to test accurately. Furthermore, 
preventing animals from experiencing poor welfare does not guarantee good welfare (Jensen 
& Kyhn, 2000). That is why it has been suggested that welfare research should focus on 
indicators of positive welfare (Boissy et al., 2007; Yeates & Main, 2008). Play has been 
proposed as a measure of positive welfare as it has been shown to be sensitive to both 
physical and environmental conditions (Chaloupková et al., 2007; Dudink et al., 2006).  
Play behaviours has been described as an activity in which an animal self-handicaps, 
whereby the animal performs movements making itself unstable and impairs its sensory and 
spatial orientation (Bekoff, 2001; Donaldson et al., 2002). During this time the animal may 
appear to be excited, relaxed and give the overall impression that it is having “fun” 
(Donaldson et al., 2002). Although some researchers believe play behaviour is functionless, 
these reports do not explain why this behaviour is commonly seen in young animals. Several 
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hypotheses have been proposed for why play behaviour occurs. These hypotheses can be 
divided into three categories, (1) enhancement of physical development (2) formation of 
social bonds and (3) development of cognitive abilities (Thompson, 1996).   
Play is generally thought to have a key role in behavioural development and given that 
play is an activity observed in mainly younger animals it has been hypothesised that play, in 
early ontogeny, functions as a means of exercise, allows self assessment, facilitates 
neuromuscular development and motor performance, and enhances cerebellar synaptogensis 
and skeletal muscle performance (Donaldson et al., 2002; Špinka et al., 2001; Thompson, 
1996). Play behaviour coincides with synaptic formation and cerebellum and muscle 
development which could result in increased motor performance in adult life (Thompson, 
1996). Play fighting in juveniles may also serve as a means of developing skills, and 
increasing fitness for real fighting later in life (Biben, 1998). During play fighting, playing 
the subordinate and dominant role may teach individuals how to be a balanced fighter (Biben, 
1998). This may result in individuals experiencing fewer injuries during real aggressive 
interactions as they have experienced both submissive and dominant fighting action patterns 
(Biben, 1998). In a study looking at the effects of social isolation on the aggression responses 
of rats, animals were separated into three groups: a control group which was raised in a group 
environment, a group consisting of only social interactions through play behaviour (rats were 
only allowed to interact with other rats during daily one hour play fighting sessions) and a 
group that was kept completely isolated (Potegal & Einon, 1989). This study revealed that the 
rats that were kept completely isolated showed social incompetence in aggressive encounters 
resulting in failure to respond to real aggressive interactions and being overly offensive when 
there was no danger posed (Potegal & Einon, 1989). To reverse the effects only one hour a 
day of play experiences was needed (Potegal & Einon, 1989). Play fighting is only typically 
seen in older animals, whereas juveniles participate more in locomotor play. Vilá (1994) 
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observed play performance of two months old calves and yearling wild Vicuńas. This 
observational study revealed that locomotory play, such as short runs, fast stops and turns and 
runs with jumps, accounted for 83% of play performance by calves. Yearling play bouts only 
accounted for 11% of the total play recorded and all yearling play consisted of play fighting 
which included behaviours like spits, chest to chest frontal clash, leg bites and neck wrestling  
(Vilá, 1994). Yearling play bouts were significantly longer in duration when compared to 
play bouts performed by calves (8.83 minutes, SE=0.70, vs. 2.50 minutes, SE=0.38) (Vilá, 
1994). This paper highlights the increasing importance of play fighting as animals get older 
as the development of play fighting (peaks at four to six months) coincides with the 
development of sexual behaviours in Gazelle (Gomendio, 1988). There is also an increase in 
the frequency of play fighting performed by cattle at the age of four to 10 months of age 
(Reinhardt & Reinhardt, 1982). It is thought that play fighting during this time helps to 
establish an individual‟s place within the social hierarchy, which in cattle develop between 
three and six months of age (Dickson et al., 1967).  
It has been observed in a number of species (i.e. sheep, monkeys and antelope) that 
animals which are familiar with each other, for example siblings, and individuals of the same 
size and age, are more likely to participate in play behaviour (Biben, 1986; Hass & Jenni, 
1993; Thompson, 1996). Thompsom (1996) conducted an experiment to assess play partner 
preference in sable antelope calves in two herds. The study revealed that male and female 
calves did not differ in their number of attempts to initiate play with adult and yearling.  
However calves would initiate play significantly more with calves from their own cohort than 
adults and yearlings (Thompson, 1996). The duration of play bouts between two calves were 
greater than those between a calf and a yearling or a calf and adults (Thompson, 1996). 
Analysis of play partner preference indicated that 45% of calves  showed strong preferences 
for one particular partner, 21% showed strong preferences for two play partners and 32% 
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showed no preference for any particular partner (Thompson, 1996). Thompson‟s (1996) study 
illustrates how play behaviour duration and intensity can be affected by play preference.  
Durations would differ in length depending on whether they were playing with an adult, 
yearling or a calf and that some individuals displayed strong preferences for a particular play 
partner. Individuals during social play may engage in self-handicapping. This involves bigger 
or older individuals adjusting their play to account for the strength and age of their playmate 
(Bekoff, 2001). This type of activity was described by Watson and Croft (1996) in red-neck 
wallabies. When a partner was younger, the older animal would adopt a defensive flat-footed 
posture and paw rather than spar with their partner (Watson & Croft, 1996). Role reversal has 
also been witnessed during play events. This is when a more dominant animal may roll over 
voluntarily while playing with a subordinate individual (Bekoff, 2001). Role reversal and 
self-handicapping may not be mutually exclusive but may occur together.  
For play to occur, a safe environment with adequate access to resources is needed 
(Baldwin & Baldwin, 1976). This is because play is a cognitively demanding activity which 
results in lower predator vigilance (Chaloupková et al., 2007). This was emphasised by 
Baldwin and Baldwin (1974) when they conducted a comparative study between laboratory 
and wild raised squirrel monkeys. In this observational study they showed that exploratory 
play away from the mother could occur as early as three weeks old in the lab and as late as 
the fifth or sixth week in the wild (Baldwin & Baldwin, 1974). Social play may begin as early 
as five weeks of age in the lab or eight to 10 weeks in the wild (Baldwin & Baldwin, 1974). 
This illustrates that the relatively safe, predictable, predator free lab environment encouraged 
earlier development of play in the monkeys than the unpredictable natural environment. In a 
study looking at how the environment affected the development of play behaviour in 
domestic pigs, 32 litters were compared in three different housing system (1) a poor crate, 
which was a standard farrowing crate (1.6 x 2.5 m) with no straw, (2) an enriched crate which 
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was 20% larger than the poor crate, with straw and (3) a farrowing pen (enriched pen) as a 
control which was 60% larger than the poor crate and contained straw (Chaloupková et al., 
2007). Play behaviour was recorded for three hours at one, two and four weeks of age, after 
which time animals were weaned and two litters from corresponding housing systems were 
mixed at the same stocking densities as in the pre-weaning poor crate system. The results 
indicated that the pre-weaning housing system had an effect on the frequency of locomotor 
and social play with the animals raised in the enriched pen environment performing more 
play (Chaloupková et al., 2007). No significant difference were found in pre-weaning 
durations of locomotor play with age (Chaloupková et al., 2007). The study by Chaloupková 
et al. (2007) indicates that pre-weaning environment can have a significant effect on play 
behaviour performance. This therefore indicates that an animals‟ welfare can be 
compromised and development of normal behaviours may be affected if they are not housed 
in an enriched environment. Play has also been hypothesised to be a means of developing 
coping mechanisms for future stressful situations (Donaldson et al., 2002). It is proposed that 
the self-induced mishaps associated with play help animals to avoid emotional overreaction 
during unexpected stressful situations (Špinka et al., 2001). During play, animals may 
actively seek out unexpected situations and illustrate relaxed movement which could increase 
their instability (Špinka et al., 2001). From these experiences, animals learn how to adjust 
their behaviour by changing conventional movements to atypical movements to get 
themselves back into a standard position (Špinka et al., 2001).  
Despite play behaviours being recognisable to most people there are still issues 
surrounding how to define play, how to accurately measure it and how to develop reliability 
in play behaviour results (Bekoff, 1984). Definitions of play based on what the animal does 
and the function of play are problematic as animals from different species may perform 
different behaviours for different reasons but may still be considered play behaviours 
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(Bekoff, 1984). Not only are there species specific behaviours, behaviours may change 
according to the developmental phase of the animal (Biben, 1998; Vilá, 1994). For instance 
locomotory play in dairy calves has been shown to develop rapidly after birth, peaking at two 
weeks of age, then steadily declines thereafter (Gomendio, 1988; Jensen et al., 1998; 
Napolitano et al., 2009; Newberry et al., 1988), whereas social play develops at two weeks of 
age and peaks at approximately six months of age (Napolitano et al., 2009). However 
chimpanzees show a peak in play and exploration behaviours at four years of age (Welker, 
1956). These studies highlight the importance of finding out specifically when play 
behaviours develop and peaks in the species of interest. This in itself poses problems as play 
behaviour is not frequently observed, particularly in farm animals, and there are generally 
diurnal patterns associated with play behaviour performance (Jensen et al., 1998; Vitale et al., 
1986). It has long been know that cattle perform behaviours at specific periods of the day. For 
instance when cattle are observed in their natural environment, grazing is at its highest before 
sunrise and again at sunset (Albright, 1987; Napolitano et al., 2009; Stricklin & Kautz-
Scanavy, 1984). In semi-wild Maremma calves, observed during their first two weeks of life, 
in their natural environment indicated that play behaviour occurred most frequently during 
mid morning and decreased during the hottest part of the day (Vitale et al., 1986). Play then 
increased as the afternoon progressed and reached a second peak between 1500 and 1600 h 
(Vitale et al., 1986). The observed morning play peak occurred just prior to the morning 
suckling peak, whereas the afternoon play and suckling peaks coincided (Vitale et al., 1986). 
These kinds of patterns are also seen in commercially farmed cattle. Jensen et al. (1998) 
observed that play behaviour in dairy calves typically occurred between 0800 and 0900 h, at 
1430 h (coincides with afternoon feeding) and again at 2100 h. This coincided with general 
farming practises such as milk delivery and when bedding was replaced (Jensen et al., 1998). 
Das et al. (2000) observed similar patterns in farmed Zebu and cross-breed calves in that play 
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was usually observed prior to the termination of suckling behaviours. Establishing whether a 
pattern exists in play behaviour performance is essential if play behaviour is to be properly 
studied. Play behaviour may vary with species, age and time of day therefore these factors all 
need to be taken into consideration when comparing results. Play behaviour is very infrequent 
in nature; in the observational study of vicuña conducted by Vilá (1994) play behaviour only 
accounted for 1% of all the observations made and has been reported as low as 0.2% of the 
time budget in dairy cattle (Napolitano et al., 2009). Therefore capturing it occurring 
naturally can be very difficult even if the patterns of play are known, and generally involve 
long periods of observations over the course of many months which would not make it 
practical for on-farm animal welfare assessments (Krachun et al., 2010).  The other way to 
ensure animals will play during observational periods is to induce the behaviour. In dairy 
cattle this has been shown to be possible through prior confinement, addition of fresh bedding 
or introducing animals to a novel environment (Jensen et al., 1998; Jensen & Kyhn, 2000; 
Špinka et al., 2001).  
Play behaviour in dairy calves can be separated into two categories, locomotor and 
social play. Locomotory play in dairy calves includes galloping, leaping, jumping, buck-
kicks, turns and head-shakes and involves quick stop-start motions (Jensen & Kyhn, 2000). In 
calves locomotor play is performed by multiple animals at a time, and is known as parallel 
play (Jensen & Kyhn, 2000). During locomotor play there is no intentional physical contact 
(Jensen & Kyhn, 2000). While social play includes behaviours which are directed towards 
members of their group for example grooming, play fighting and non-reproductive mounting 
(Napolitano et al., 2009; Vanderschuren et al., 1997). Play behaviour can be induced in dairy 
calves by providing new straw and despite being seen occasionally in adult cattle, it is more 
frequently seen in juveniles. Play is a behaviour that calves are willing to work for indicating 
that it is a behavioural need (Jensen et al., 2004). In the study by Jensen et al. (2004) the 
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calves were deprived from access to a play pen for varying lengths (between one and four 
days) to assess the motivation to gain access to the play pen during operant sessions where 
calves had to press a panel with their nose or forehead. Calves were tested using three 
different fixed ratios (i.e. 8, 16 and 24 panel pushes) (Jensen et al., 2004). As costs increased, 
calves performed less locomotor play during operant sessions which resulted in a rebound 
effect post-testing (Jensen et al., 2004). In this study Jensen et al. (2004) illustrated the calves 
had an internal motivation to gain access to the play pen however when the cost to gain 
access to the play pen increased the calves‟ workload decreased (Jensen et al., 2004). Play is 
also only performed when sufficient space is provided. Dairy calves housed at lower stocking 
densities (3 or 4 m
2 
per calf) perform more locomotory play than those housed at 2.2 or 1.5 
m
2
/calf (Jensen & Kyhn, 2000). Jensen et al. (1998) also conducted an experiment looking at 
the effects of space on social contact with respect to the amount and type of play behaviour 
being performed in dairy calves. Forty eight dairy calves were split into three replicates and 
placed into one of four types of housing at five days of age (Jensen et al., 1998). The housing 
consisted of (1) a small single pen (0.9x1.5 m), (2) a large single pen (1.8x3.0 m), (3) a small 
group pen housing four calves (1.8x3.0 m) and (4) a large group pen also housing four calves 
(3.0x5.4 m) (Jensen et al., 1998). Calves were video recorded for  eight hours at two weeks of 
age and then for 24 hours at four and six weeks of age (Jensen et al., 1998). The analysis 
showed that calves from single pens were less active and spent less time performing 
locomotor play at both week four and six (Jensen et al., 1998). Social play was observed 
during at least one of the observational weeks in the large group pen only (Jensen et al., 
1998). This study highlights the importance of space on an animal‟s ability to perform 
locomotor play and how isolation can inhibit the performance of social play in commercially 
farmed dairy calves. There have also been studies conducted on the need or internal 
motivation for dairy calves and heifers to perform play behaviours. Jensen and Kyhn (2000) 
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conducted a study using 96 calves separated into six replicates. From two weeks of age calves 
from each replicate was housed in groups of four in pens of varying size and area per calf 
(1.5, 2.2, 3, 4 m
2 
per calf) (Jensen & Kyhn, 2000). At five, seven and nine weeks of age the 
play behaviour of each group of calves was recorded over a 24 hour period (Jensen & Kyhn, 
2000). The results showed at five weeks of age calves housed in pens with 4 and 3 m
2
 per calf 
displayed significantly more locomotor play then those housed at 2.2 and 1.5 m
2
 per calf; 
however, there were no effects of space allowance observed at weeks seven and nine (Jensen 
& Kyhn, 2000). When calves were tested individually at four and 10 weeks of age in a 10 
minute open field test, there were no differences between housing treatments at four weeks of 
age. However calves housed at 1.5 m
2
 per calf exhibited significantly more locomotor play at 
10 weeks (Jensen & Kyhn, 2000). Studies have also been conducted on the effects of 
confinement on the motivation of dairy calves to perform locomotor play (Jensen, 2001). 
Jensen‟s (2001) experiment consisted of two parts, one looking at the effect of open field 
testing on calves individually or in pairs and one on the effects of confinement length on the 
motivation for calves to perform locomotor play (Jensen, 2001). The first experiment 
involved 14 Danish Holstein-Friesians being separated into seven groups at two weeks of 
age. When calves were tested at four weeks of age on two consecutive days, it was observed 
that calves tested in groups performed more locomotor play and walked more when open 
field tested (Jensen, 2001). In the second experiment 24 calves were housed in groups of 12 
and were allowed access to a play pen for 45 minutes for three days, denied access from the 
play pen for three days and then tested on the seventh day (Jensen, 2001). The treatments 
consisted of (1) access for the first three days then confined in their home pens and denied 
access to the play pen for three days before testing, (2) access on the third, fourth and fifth 
days, and (3) access on the last three days before testing (fourth, fifth and sixth day). When 
let into the play pen, animals that were confined for three days before testing (treatment one) 
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performed higher durations of trotting and locomotor play and spent less time standing still 
(Jensen, 2001). This increase in play behaviour after confinement has also been reported in 
other animals and  has been hypothesised to be the release of build up emotional tension 
(Brownlee, 1984).  The  motivation to perform locomotor play has been shown to increase 
with the length of confinement (Jensen et al., 2001).  
Play behaviour can be impacted significantly by environmental and emotional stress 
however there is little research on the influence of humans on the play behaviour of animals. 
Negative human-animal interaction have been shown to be very stressful causing increases in 
cortisosteroid levels and heart rate which are signs of acute and chronic stress (Breuer et al., 
2003; Hemsworth & Barnett, 1991; Waiblinger et al., 2003; Waiblinger et al., 2006). It 
therefore seems logical that stockmanship effects should be taken into consideration when 
examining play behaviour as a potential welfare indicator in the agricultural sector. 
 
SOCIAL GROUPS AND INTERACTIONS 
Most animals live in social groups or interact socially with individuals of their own 
species. Living in a group however has advantages and disadvantages for an animal. Costs 
are generally associated with competition for food and access to other valuable resources (i.e. 
food) which could cause a reduction in an individual‟s overall well-being measured in terms 
of reproductive success and overall health (Færevik et al., 2007). The benefits from living in 
a group may include a lower risk of predation resulting in less time spent surveying for 
predators and an increase in foraging time (Estevez et al., 2007). The costs and benefits of 
farmed animals living in groups can be thought of in much the same way as those associated 
with living in a natural population. Animals compete with each other for valued resource 
such as access to food, water and lying spaces (Færevik et al., 2007). However unlike animals 
from farmed populations, feral cattle have the choice to leave a group if the group becomes 
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too large and they perceive they will gain an advantage from doing so. As dairy farmers 
increase stocking densities for profitability it becomes harder for animals to avoid violating 
individuals‟ distance zones and to remember individuals‟ social status (Kondo et al., 1989; 
Rodenburg & Koene, 2007). This may result in increased aggression within the group and 
may make it more costly for animals to be a member of the group. Increased group sizes and 
stocking densities have been shown to increase aggression and problematic behaviour in a 
number of different species including goats, pigs, chicken and cattle (Bøe & Færevik, 2003; 
Fernández et al., 2007; Hill et al., 2009; Rodenburg & Koene, 2007). In layer hens increased 
group size results in increased feather pecking and cannibalism (Rodenburg & Koene, 2007). 
These problematic behaviours increase significantly with an increase in stocking density from 
three to six birds per cage (Rodenburg & Koene, 2007). Similar results have also been 
observed in cattle. Cattle housed at higher stocking densities display increases in aggression 
and reductions in grazing and lying times (Albright, 1987; Bøe & Færevik, 2003; Hill et al., 
2009). 
Group size in free living cattle may vary between 25 to 100 individuals of which 
calves may form subgroups which may consist of up to 25 individuals (Færevik et al., 2007). 
In these wild cattle populations animals form bonds from a very early age and these bonds 
can be sustained for many years, even for a lifetime with new members very rarely accepted 
into an already establish social group (Færevik et al., 2007; Lazo, 1994). As the New Zealand 
dairy farming industry continues to grow so does the average heard size. In 2008-2009 the 
average heard size was 366 cows, this is an average increase of over 100 cows in the past 80 
years (LIC & DairyNZ., 2009). Due to group size and density being key components 
associated with the costs and benefits of group living, the overall well-being of animals may 
be compromised if these factors are not taken into consideration when making farm 
management decisions (Estevez et al., 2007). If too many animals are occupying a particular 
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area then this may result in increased aggression and despotic behaviour resulting in negative 
welfare consequences, such as physical wounds, increases in cortisol concentrations and 
reductions in live weight (Estevez et al., 2007). Not only does stocking density and group size 
have an effect on the welfare and productivity of farmed animals, regrouping can also 
intensify aggression and stress particularly for the animal being introduced (Bøe & Færevik, 
2003). 
In cattle social groups, all individuals are familiar with one another and all have an 
established place within the groups‟ social hierarchy. Dickson et al. (1967) reported that 
cattle hierarchies are established at approximately three to six months of age. When female 
cattle are regrouped most of the agonistic behaviours occur within the first hour, after which 
relationships are maintained via threats by dominant individuals and avoidance by 
subordinates (Raussi, 2005). Regrouping is a common practise in captive and domesticated 
animals. However regrouping or removing familiar individuals can produce signs of 
behavioural and physiological stress (Raussi, 2005). When sheep are grouped with unfamiliar 
animals it can cause an increase in heart rate and cause dramatic changes in behaviour 
(Takeda et al., 2003). In contrast being grouped with familiar animals can lower the stress 
response (Takeda et al., 2003). When young animals are regrouped the changes in their 
rearing environment can cause changes in circadian rhythms, increased mean heart rate in 
cattle and increased serum cortisol concentrations in pigs (Takeda et al., 2003). Similarly 
when lactating cattle are regrouped, decreases in milk production can be observed up to one 
to two weeks after the initial regrouping (Raussi, 2005). The regrouping of cattle has been 
shown to disrupt circadian rhythms and cause increases in aggression and social stress 
(Færevik et al., 2007). Raussi et al. (2005) conducted an experiment looking at how six 
months old heifers responded to repeated regrouping. Over an 11 week period animals were 
regrouped 16 times to assess how social behaviours are modified and whether dominance 
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hierarchies established quicker with repeated regroupings (Raussi et al., 2005). They found 
that regrouped heifers were more active, spending less time lying and spending more time 
standing and sniffing the pen then animals from the control group (animals that were not 
regrouped) (Raussi, 2005). Due to behavioural signs of distress still evident even after the 
16
th
 regrouping indicates that the heifers did not habituate to the repeated regrouping (Raussi, 
2005). It is hypothesised that the lack of habituation to regrouping may be because it induces 
aggressive behaviours therefore may be considered an aversive experience (Raussi, 2005). 
von Keyserlingk et al. (2008) examined the effects of regrouping on displacement, lying bout 
length, allogrooming and milk production in 80 lactating dairy cows. Cows were individually 
introduced into an established social group and monitored three days before regrouping and 
then three days after using 12 hour time lapse footage (von Keyserlingk et al., 2008). 
Displacement of the regrouped individual increased from 10 times per day before regrouping 
to more than 25 times on the day of regrouping (von Keyserlingk et al., 2008). Similar trends 
were also seen in the duration of lying bouts which decreased from 13.1 hour during the three 
days before regrouping to 12.4 hours after, allogrooming decreased from an average of 7.5 
events before regrouping to 1.3 events per day after regrouping and milk production dropped 
from 43.4 kgs per day to 39.7 kgs per day after regrouping (von Keyserlingk et al., 2008). 
However despite this evidence it is not uncommon for animals to be regrouped four to five 
times in a single lactation. Lactating animals may be grouped based on production, food 
requirements or illness and the regrouping effects can last between five to 15 days (Estevez et 
al., 2007; Raussi, 2005; von Keyserlingk et al., 2008).  
Although most of the research into regrouping of cattle has indicated it can increase 
stress and aggression there have been some studies which have produced conflicting results. 
Some have suggested that animals do in fact habituate to stress associated with regrouping 
like Færevik et al. (2007); however their study involved animals younger than three months 
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of age. The issue with this is cattle younger than three months old have not started to develop 
their social hierarchical systems and therefore are not aggressive towards one other. This will 
mean they are more accepting of new individuals. Færevik et al. (2007) however does 
provide evidence to suggest that if regrouping is going to happen then it should be done 
before three months of age to minimise disturbance to the groups‟ social system. Veissier et 
al. (2001) also conducted a study on stress associated with regrouping in calves. This study 
also reported that calves did not experience any stress during repeated regrouping and 
relocation although it did indicated that regrouped calves showed higher sensitivity in the 
adrenal cortex to adrenocorticotropic hormone (ACTH) (Veissier et al., 2001). 
Despite the abundance of literature which suggest that the negative effects associated 
with regrouping of animals may cause decreases in reproduction, productivity and welfare 
and should be avoided if possible (Raussi, 2005); regrouping is still a common farming 
practise.  In order to minimise the negative welfare effects associated with regrouping the 
impact of the rearing environment could be an area of interest. Previous research has shown 
that positively handled calves have lower heart rates during the routine farming practices of 
rectal palpation, sham insemination and transport (Lensink et al., 2001; Waiblinger et al., 
2006). If there is a connection between the early experiences of animals and their abilities to 
cope with the stress associated with regrouping then this could potentially lead to better 
farming practises which would increase the animals‟ overall welfare and productivity.  
 
STUDY OBJECTIVES 
The commercial farming of sheep, pigs and cattle is one of the driving forces of the 
New Zealand economy and accounts for over 27% of New Zealand‟s export revenues 
(Hembry, 2009). However as the public‟s interest and awareness of animal welfare increases 
the commercial farming section is under increasing pressure to maintain and protect New 
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Zealand‟s international image of being clean, green and animal friendly.  Therefore the area 
of stockmanship and its effects on animal welfare are essential to maintaining good trading 
relationships with importers of New Zealand‟s farming exports. Previous research has shown 
that positive handling can decrease reactivity to humans, heart rate and cortisol levels during 
stressful situations such as rectal palpation, sham insemination, transport, isolation and 
restraint (Lensink et al., 2001; Waiblinger et al., 2006). Negative handling can increase 
avoidance behaviour particularly towards humans and increase cortisol levels during stressful 
situations (Breuer et al., 2003). Play behaviour has been hypothesised to allow an animal to 
deal with the emotional aspects of distress such as surprise or disorientation (Špinka et al., 
2001). During social situations emotional overreaction may lead to increased panic (Špinka et 
al., 2001). If an animal is able to avoid being incapacitated during the facilitation of negative 
emotions then their survival may increase (Špinka et al., 2001). The mishaps associated with 
play performance, may be a way to avoid this emotional overreaction during stressful 
situations. However play behaviour can be affected by the environment, negative emotions 
and pain (Berger, 1980; Blackshaw et al., 1997; Worsaae & Schmidt, 1980). If animals are 
able to develop these coping mechanisms at an early age then this may make them more 
adaptive to social or environmental stressors later in life. Play behaviour performance has 
also been shown to vary with an animal‟s environmental or physical condition (Jensen et al., 
1998).  It is known that juveniles of many species are highly motivated to play, and animals 
which are undernourished, injured or ill will not be motivated to play (Jensen et al., 1998). 
Therefore play behaviour may be a means of determining positive or the absence of negative 
welfare (Jensen et al., 1998).  
There is an abundance of research to indicate that cattle which have been handled 
aversively are more fearful of people, are harder to handle, show higher cortisol 
concentrations and pose more of a danger to stockperson and animal (Breuer et al., 2003; de 
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Passillé et al., 1996; Hemsworth et al., 2000). Despite the evidence illustrating the negative 
impacts of aversive handling on adult cattle there is little research about the effects of 
handling on dairy calves. If handling does have a long lasting effect on cattle then handling 
from an early age could effectively diminish the risk of negative welfare associated with 
handling in adult cattle. Recently animal welfare researchers turned their focus to establishing 
positive indicators of welfare. Due to play behaviour being particularly susceptible to 
physical and environmental stressors it makes it ideal to assess animal welfare (Chaloupková 
et al., 2007; Dudink et al., 2006). However there is little research regarding how 
stockmanship can influence the performance of play behaviour and sub-sequential social 
behaviours. 
The aim of this research is to assess the impact of positive and negative handling on 
play behaviour performance and faecal corticosteroid metabolite concentrations in dairy 
calves. Measuring play behaviour and faecal cortisol levels during handling would allow 
determination of the effects of handling on calves‟ emotional and physiological welfare and 
to facilitate the development of recommendations for the rearing of dairy calves. It is 
hypothesised that negatively handled calves will experience negative emotions therefore will 
shown reductions in play behaviour and have elevated cortisol levels. In addition to this the 
effects of early handling will be assessed in the same group of cattle at nine months old to 
determine if there are any long lasting effects on their fearfulness of humans and social and 
agonistic behaviours. Animals which have been positively handled cope better with stress 
such as stress associated with handling and transport (Lensink et al., 2001). Regrouping of 
cattle has been shown to increase stress, particularly for animals being introduced 
(Waiblinger et al., 2003). Therefore regrouping was used to study aggressions and feeding 
durations at nine months of age to ascertain the animal‟s ability to cope with a stressful 
situation (introduction of unfamiliar animals) to determine if there were any long lasting 
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effects associated with early handling. It was hypothesised that positively handled calves will 
be less fearful of people, and will be less affected by regrouping. These results may be of 
important economic value to the beef and dairy farming industries and have the potential to 
provide new evidence for the proposed use of play behaviour as a positive welfare indicator 
for on farm animal welfare audits. It will also add to the understanding of how early handling 
affects fearfulness of humans and social behaviours in dairy cattle. It also has the potential to 
help establish new protocols for the handling and management of young livestock on farms. 
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Chapter 2 
 
 
 
 
Play behaviour as a potential welfare indicator in dairy calves  
 
 
 
1. Introduction 
 
The impact of humans on the welfare of farmed animals has become increasingly 
important in the farming industry. Interactions between stockperson and animals can have a 
dramatic effect on productivity, animal health and behaviour (Hemsworth, 2003; Welp et al., 
2004). Fear of humans in cattle can account for 19-50% of milk production variation and 
animals may actively withhold milk let down in the presence of an aversive person (Welp et 
al., 2004). This fear of humans in dairy cattle has been attributed to a lack of regular handling 
leading to higher reactivity to humans which may result in an increase in injury to both 
animals and stockperson (Hemsworth, 2003; Le Neindre et al., 1996). Cattle have been 
shown to discriminate between humans based on the previous positive and negative 
experiences (Munksgaard et al., 1997). de Passille et al., (1996) illustrated this in a study 
looking at the ability of dairy calves to discriminate between humans based on previous 
positive, negative or neutral handling. The handling treatment involved two males and one 
female entering the pen for one minute and either did not interact with the calves (neutral), 
petted and fed the calves milk (positive) or retrained the calves using or used or threatened to 
use a cattle prod on the calves (aversive). Each handling treatment was applied four times 
over the course of three days and handlers wore the same clothes during each handling 
application to assess in the calves ability to discriminate. Their results suggested that calves 
were able to discriminate between humans based on their previous handling experiences. 
  
34 
 
After 12 handling treatments cattle that received positive handling interacted more with the 
positive handler and avoided the negative handler (de Passillé et al., 1996).  Research has also 
shown that cattle may form positive associations with humans if positive handling is applied 
for  two to five minutes a day, twice a day, for five weeks (Breuer et al., 2003) and calves 
will form positive relationships with humans during feeding via operant conditioning (Jago et 
al., 1999). However with intensive farming and automation there are fewer chances for 
stockperson and cattle to interact which may put animal welfare at risk. 
Fear is a stressor which may trigger the activation of the hypothalamic-pituitary 
adrenal cortex eliciting a stress response (Siegel, 1980). An animal in an aversive 
environment may elicit a stress response as a means to cope or avoid a potentially hazardous 
situation (Moberg, 2000). Stress may manifest itself in both physiologically (e.g. increases in 
heart rate, respiration and secretion of corticosteroids) or behaviourally (e.g. through 
increased movement). One approach to measure the physiological effects associated with 
fearfulness of cattle is to take blood or faecal samples for corticosteroid analysis. Blood 
samples for analysis can be taken to analyse corticosteroids from a single point in time or 
faecal samples can be used to measure metabolised corticosteroids providing a profile over a 
longer period (Morrow et al., 2002). Collecting faecal samples is less invasive than blood 
collection and is less affected by external stimuli such as restraint (Morrow et al., 2002). 
Behavioural indications of corticosteroid elevation are elicited via the fight or flight response 
in which animals may display escape, avoidance or aggressive behaviours (Moberg, 2000). 
Play is a behaviour which is can be affected aversively by physical and environmental 
conditions (Chaloupková et al., 2007; Dudink et al., 2006). Correlations between elevated 
cortisol levels and reductions in play fighting and running have been reported in early weaned 
piglets (Worsaae & Schmidt, 1980). Therefore the presence of play behaviour could be used 
as a means of measuring stress and welfare in farmed animals. 
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  Play behaviour is thought to be important in physical development, formation of 
social bonds and cognitive abilities (Thompson, 1996). Play is expressed when an animal‟s 
basic needs are met, whereas the motivation to perform play decreases in times of poor 
nutrition, disease or unfavourable climatic conditions such as during cold wet weather 
(Baldwin & Baldwin, 1974; Brownlee, 1984; Vaarst et al., 2001). Berger (1980) also reported 
that when playing lambs experienced physical pain, for example by stepping on cacti, play 
behaviour ceased to occur immediately. Tucker et al. (2008) also illustrated that pain 
associated with disbudding causes a decrease in play behaviour in four and a half week old 
calves. Alternatively new or novel situations and the addition of fresh bedding will often 
invoke a play response (Donaldson et al., 2002; Jensen, 2001). Other factors such as an 
animal‟s energy intake and space allowance will also regulate the performance of play. Deer 
fawns experienced a 35% reduction in play behaviour and a 9% reduction in general activity 
when milk intake was decreased by 33% (Muller-Schwarze et al., 1982).  In dairy calves 
space has been identified as an important factor in play performance. Dairy calves housed at 
lower stocking densities (3 or 4 m
2 
per calf) perform more locomotor play than those which 
are housed at 2.2 or 1.5 m
2
/calf (Jensen et al., 1998; Jensen & Kyhn, 2000). Jensen et al. 
(2004) conducted a study on the internal motivation for calves to perform play behaviours. 
This study discovered that there is an internal motivation for calves to perform play however 
when the costs to gain access to a play area increase the calves are no longer willing to work 
to gain access. However lack of access to a sufficient space creates a rebound effect (Jensen 
et al., 2004). This can also be demonstrated when calves are confined for one to three days 
before an open field test in an arena measuring 4.8 x 4.8 m (Jensen, 2001). The calves which 
were confined for longer pre-testing, performed longer durations of locomotory play (Jensen 
et al., 2001). These studies emphasises how environmental and physiological factors, (i.e. 
confinement and energy intake) can impact an animal‟s internal motivation to perform play. 
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It is not known to what extent handling affects or influences the motivation for dairy 
calves to perform play behaviour. However it is known that negative or adverse handling can 
induce stress in dairy cattle (Breuer et al., 2003; Hemsworth, 2003; Welp et al., 2004) and 
elevated cortisol levels can lead to reductions in play behaviour in piglets (Blackshaw et al., 
1997). The aim of the present study is to determine whether handling has an effect on the 
performance of play behaviour in dairy calves. The emotional states of the calves were 
influenced by the application of either positive or negative handling over the course of five 
weeks. It is hypothesised that animals which are treated negatively will be more fearful of 
humans resulting in elevated faecal corticosteroid levels, consequentially suppressing the 
expression of play behaviour. The results of this study will quantify the effects of handling on 
calf welfare and also assess the use of play behaviour as a positive welfare indicator for “on 
farm” welfare assessments. 
 
2. Materials and methods 
2. 1. Animals, housing and husbandry 
All procedures involving animals were approved by the AgResearch Ruakura 
(Protocol N
o 
11576) and University of Waikato Animal Ethics Committees (Protocol N
o
 733) 
under the New Zealand Animal Welfare act 1999. The study was undertaken at the 
AgResearch Ltd Tokanui farm south of Kihikihi, South Waikato (175° 18 00´E longitude, -
38° 03 00S latitude), New Zealand, between 8 September and 16 November (Southern 
Hemisphere spring) in 2008. The test animals comprised of 40 Holstein Friesian heifer 
calves. The 40 animals originated from the Te Awamutu stock sales and arrived in groups of 
ten on different dates. The first ten animals arrived on the 9
th
 of September 2008 with the 
other three groups arriving on the 16
th
, 18
th
 and 25
th
 of September 2008. On arrival the calves 
were randomly assigned into two treatment groups (one negative, one positive, five 
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animals/treatment group). In total eight groups consisting of five animals/group were formed 
based on the ages and arrival of the animals (animals in each group were all within 3-7 days 
of age). Treatment groups were placed at different ends of the rearing shed shown in Figure 
2.1 and 2.2. This was done to ensure that there was no risk of the negative handling affecting 
the positive group and vice versa. 
 
 
 
 
Key: 
  = A wall which visually separated the positive and negative groups 
 
Figure 2.1. Illustration of how the treatment groups (1-4) were housed in the barn 
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Figure 2.2.  Photo of the layout of the barn in which the animals were raised from the 
negative treatment side. Each group was housed in separate pens of five. The positive and 
negative groups were kept visually separated by a wall at the end of group one. The positive 
groups were arranged in the same way. 
 
On arrival animals were weighed, ear tagged, and given a coloured collar (red, blue, 
green, yellow or pink). Animals in the experiment were also identifiable by their ear tag 
number (ranged from 1-40). In addition tail paint (FiL New Zealand, Mount Maunganui, New 
Zealand) was used on the forehead, tail, across the hips and shoulders and on the back hocks, 
so the animals would be easily identifiable. Paint was refreshed weekly. All animals were 
weighed weekly and faecal samples were collected on a daily basis for faecal cortisol 
analysis.   
Group 1 
Group 2 
Group 3 
Group 4 
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Each group of five animals was kept in 4.8 x 3.5 m pens (Figure 2.1) on straw 
approximately 1 m deep during the entire five week testing period (Figure 2.2). Pens were 
cleaned daily and heavily soiled straw replaced daily. 
All the test animals were fed two litres of milk replacement (Ancalf calf milk 
replacement, Fonterra LTD, Auckland, New Zealand) twice a day at 0830 and 1430 h. Meals 
and water were provided ad lib from arrival. Fibrepro (Fibre Fresh Feeds, Reporoa, New 
Zealand) was added to their diet at three weeks of age to aid rumen development.  Animals 
were given Rotagen powder for the first five days during the morning feeding to protect 
against the development of rota virus and salmonella. Scourban (Scourban plus suspension, 
Bomac Laboratories LTD, Auckland, New Zealand) was given to animals if the animals 
presented signs of scours, following the weight-dosage instructions on the pack. 
 
2.2. Handling treatment 
Handling was carried out twice daily for the duration of the five week trial, once after 
feeding in the morning at 0830 h and in the afternoon before feeding at 1430 h. Digital 
handycams (SONY Digital 8 DCR-TRV355E Sony, Japan) were used to record the handling 
three times per week (Monday, Wednesday and Friday). On the first four days after arrival 
each group received 10 minutes of handling in the morning and afternoon; after this period 
the handling was reduced to five minutes twice daily because it was too difficult for the 
handlers to keep up the negative handling intensity for 10 minutes. Stopwatches and a timer 
were used to measure the overall duration of the handling (5 or 10 minutes) and repetitive 
timers were also used to count down the 45 second bursts for the negative handling (see 
below).  
The positive handling consisted of the handlers speaking quietly and calmly, moving 
slowly; encouraging close friendly interactions, which included pats and scratching behind 
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the ears and under the chin (Figure 2.3). In the positive handling treatment, time was 
allocated evenly over all individuals in the group, without forcing animals to interact.   
 
 
 
 
 
 
 
 
 
 
Figure 2.3.  Handler interacting positively with the animals. The handler is 
encouraging the animals to interact with them and stroking them when they approached. 
 
The negative handling consisted of the handler speaking in a harsh manner, moving 
quickly around the animals, forcibly changing the animals‟ direction of movement and using 
tools (see below) to discourage the calves interacting with the handlers and to keep the 
handling unpredictable for the animals (Figure 2.4). The negative handling consisted of 45 
second periods of indirect and direct negative handling. The direct handling consisted of the 
handler actively moving around in the pen for 45 seconds whilst animals were moved briskly, 
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talked harshly to, pushed, and on certain days exposed to a disturbance tool. This was 
followed by a 45 second indirect handling period. During this time the handler stood still in 
the pen, starring at the animals and a piece of polyurethane stick was used to create noise by 
tapping it on the handler‟s leg, ground or the side of pen. The piece of polyurethane stick was 
used every day during the indirect handling only, whereas when it was used as a disturbance 
tool it was used during the direct handling procedure as well to tap calves on the back. Any 
attempt by the animals to interact with the handler was deterred by the handler shouting out 
and advancing rapidly towards the animal.  
 
Figure 2.4. A photo showing a handler interacting with a negative group.  The handler 
is discouraging interactions with the calves by making quick movements and lunging towards 
the animals. The animals were never physically hurt. 
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Three tools, a white plastic bag, an empty plastic water bottle filled with stones and a 
53 cm length piece of polyurethane stick (16 mm diameter), were introduced to the negative 
groups during the direct handling procedure, over the course of the five weeks of handling. 
The tools were introduced weekly, one per week, starting with the plastic bag, followed by 
the bottle, then the stick and were used every second day of handling. On week four, the tools 
alternated between the plastic bag, the bottle and the stick.  
 
2.3. Test procedure 
Play behaviour within each group was video recorded one day per week, after the 
morning feeding and handling, for all five weeks of testing. The two treatment groups to be 
recorded on a particular day were always fed last to ensure a standardised period of 
approximately 20 minutes between handling and the play recording session.  After handling 
was completed for the group to be filmed, the observer entered the pen. Play behaviour in 
each group‟s session was induced by cleaning out the pen and replacing the straw in 
accordance with farm practise. The animals were not removed from the pen and interactions 
with the animals were kept neutral, i.e. the animals were not touched or talked to by the 
observer and if the animal approached they were walked away from or around.  
After cleaning the positive and negative animals from the group being filmed were 
removed from their home pen and held in the raceway in front of the pens for 10 minutes. 
Stopwatches were used to keep track of the amount of time animals were held in the race (10 
minutes) and for the overall duration of play recordings (30 minutes).  During the ten minutes 
the animals were out of the pen, their pens were cleaned; 2-3 slabs of new straw were also 
added and both new and existing straw was fluffed up.  The play session for the positive and 
negative groups was recorded simultaneously using two handycams (SONY Digital 8 DCR-
TRV355E, Sony, Japan) per group to ensure the entire pen was in view. The 30 minute 
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observation period began as soon as the animals entered the pen and the gate was closed. To 
avoid disruption during this period, no people were allowed in the vicinity of the pens. An 
ethogram of the behaviours analysed from the recordings can be seen in Table 2.1 and Figure 
2.5. 
 
Table 2.1. Ethogram of the behaviours that were analysed from the play behaviour 
footage. 
 
Lying 
(Duration) 
Calf is not upright, flanks in contact with the ground. No 
weight is supported by any of the hooves. 
Walk All four hooves moving continuously. 
Running 
(Duration)  
Any gait faster than a walk (e.g. trotting, cantering, and 
galloping.) Motion in forwards or sideway direction. 
Buck 
(Frequency)  
During running at least one or both hind legs are lifted off 
the ground in a tucked position so that the hooves are above 
the front knees of the forelegs. No legs are extended in rapid 
movement outwards from the body and the head was at the 
same level or lower than the top of the animal‟s shoulders.  
Buck kick 
(Frequency)  
Same as buck except at least one or both hind legs are lifted 
off the ground and extended outwards from the body in a 
rapid movement.  
Moving kick 
(Frequency) 
While doing anything but standing (standing defined as: no 
continuous movement of all four hooves in forward, 
backward or sideway direction) both forelegs are on the 
ground, and one leg is extended outwards. Head held above 
the shoulders. 
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Obscure kick 
(Frequency) 
Same as buck kick or moving kick however head is obscured 
from the cameras view therefore cannot be scored as either.  
Stationary kick 
(Frequency) 
Calf is standing still (same as definition above) and kicks 
(leg extended in rapid movement) backwards or sideways 
with one or both hind legs. 
Head shake 
(Frequency)  
Head is moved from side to side, up and down, or rotated. 
Can occur while the animals moving or stationary. For one 
headshake to be counted the head must be moved from one 
side to the other or up and down or in a full rotation. 
Head to object 
(Duration and  frequency if less 
than 1 second )  
While at least two hooves are moving (hind or front) the calf 
touches (butts or rubs) its forehead against straw or other 
animal. May kneel down on both forelegs. 
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Figure 2.5. Illustration from Jensen et al. (1998) showing different play behaviours 
common in dairy calves. Circled behaviours were recorded in this study. 
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2.4. Faecal sample collection procedure  
Fresh faecal samples were collected daily from all groups, if possible. Samples were 
labelled by group number and treatment, not individual, therefore samples were pooled for 
analysis. In some instances several samples may have been collected in one pottle therefore 
pooled samples were not necessarily of equal weights from each individual. Only groups 
three and four‟s samples were used for the analysis as group one and two did not have 
enough samples collected on the key dates to be analysed. The samples that were analysed 
were from the day after arrival (group four only), six days into the handling procedure, the 
four days leading up to disbudding at six weeks of age (included samples from days calves 
were subjected to restraint tests, ear tagging and weighing conducted in a concurrent study) 
and the day after disbudding. Samples were also collected from animals of approximately the 
same age that were raised by the AgResearch farm staff to act as a control. Samples were 
collected at random from different animals on six different days in October 2008. Samples 
were collected non-invasively (i.e. after spontaneous defecation) and frozen at -20
o
C 
immediately after collection. Samples were oven dried at 60
o
C for 24 hours then crushed. 
Any unusual sample characteristics were noted during the crushing process.  Approximately 
200 mg of crushed faecal matter was suspended in 80% methanol (5 ml) and vortexed for 30 
minutes. Extracts were centrifuged for 15 minutes and the supernatant stored at -20
o
C until 
analysed.  
 
2.5. Corticosterone Radioimmunoassay procedure 
Faecal corticosteroid metabolite concentrations were processed by Catherine Morrow   
(Scimitar Scientific Ltd, Hamilton, New Zealand), using an I125 radioimmunoassay kit (Rats 
and Mice Corticosterone kit; MP Biomedical, Nuclear supplies, Auckland, New Zealand) 
previously validated for bovine faecal samples (Morrow et al., 2002).  Briefly, extracts were 
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diluted at 1:10 (control animal samples); 1:20 (100 µl: 1900 µl) or 1:40 (50 µl: 1950 µl) in 
phosphate-buffer saline (PBS, pH 7.4) and analysed in duplicate. Standards were pipetted to 
yield 3.125, 6.25, 12.5, 25, 50, 100, 250, 500 and 1000 ng/ml. I
125
 labelled corticosterone and 
anti-corticosterone antibody were added to the standards, samples and controls and incubated 
for two hours at room temperature. After incubation a precipitant solution was added, tubes 
were vortexed and then centrifuged for 15 minutes at 1000g. After centrifuging the 
supernatant was decanted and the remaining precipitate was counted via a gamma counter. 
The intraassay coefficient of variation for a bovine control sample was 11.8%. Results are 
expressed as nanograms glucocorticoid metabolite per gram dry faeces. 
 
2.6. Statistical analysis 
Video tapes were analysed to determine the frequency of different behaviours 
occurring during play as well as the overall duration of play. The general effect of handling 
treatment on play behaviour and the effect of age was investigated in the statistical analysis. 
The frequency and duration of each activity were defined. For the durations we first checked 
for consistency of the treatment effect across the four replicates using a repeated measures 
analysis. Having established there was no interaction, we then averaged all data across the 
five weeks of testing on an individual level; thus the individuals served as the experimental 
unit (n=40). The effect of treatment was analysed using an analysis of variance (ANOVA). 
The ANOVA model included effects of treatment, group and their interaction. The duration 
of running and lying were analysed using an ANOVA with and without rank transformations. 
Rank transformations were used on running to achieve approximate normality. The frequency 
of activities such as bucks, buck kick, moving kick, obscure kick, stationary kicks, head to 
object and head shakes were analysed using an ANOVA. All behavioural frequencies were 
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log transformed prior to analysis. The effect of age (1-5 weeks of age) was analysed using a 
Sign test. Faecal corticosteroid concentrations were analysed using an unpaired t-test. 
 
3. Results 
No injuries or fatalities occurred during or as the result of the handling procedures or 
play events. Play events were successfully recorded from each of the 40 animals tested, for 
30 minutes a week over the course of five weeks. Each animal was filmed for a total of two 
and a half hours, resulting in 10 hours of footage for each of the groups in the positive and 
negative handling treatment. One animal from group 2, negative (yellow) developed an ear 
infection therefore all headshakes performed by this animal were excluded from the analysis.   
 
3.1. Play behaviour duration 
When running and lying durations for the positive and negative group were compared 
there were no significant differences (running F1,32=0.07, P=0.800, lying F1,32=0.01, 
P=0.924). As seen in Figure 2.6 the positive and negatives both spent 9 seconds/30 minutes 
(S.E.D= 2.0 seconds) running. The time spent running by the positive and negative group 
only accounted for 0.50% of the total behaviours performed during each play filming. The 
rest of the time the animals spent walking and eating which were not analysed. When 
durations of lying behaviours were analysed the positive group spent 12 minutes/30 minutes 
and the negative group spent 12 minutes/30 minutes lying (S.E.D=1.00 minutes), as seen in 
Figure 2.7. Lying accounted for 40.0% of the total behaviours performed by the positive and 
negative treatment groups. 
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Figure 2.6. The mean running duration during each filming session by the negative 
and positive  handling treatment groups, including standard error of the difference bars  
(N=40, 4 groups/treatment, 5 calves/group). 
 
 
Figure 2.7. The mean lying duration during each filming session by the negative and 
positive handling treatment groups including standard error of the difference bars. (N=40, 4 
groups/treatment, 5 calves/group).  
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3.2. Event behaviours  
The mean frequency of play behaviour events which included buck, buck kick, 
moving kick, obscure kick, head shake and head to head (if the duration was shorter than one 
second) was compared between the treatments. From this analysis we find that there were no 
significant differences (F1,32=0.77, P=0.386 buck kick, F1,32=0.00, P=0.967 moving kick, 
F1,32=0.12, P=0.731 obscure kick, F1,32=0.12, P=0.726 stationary kick, F1,32=0.35, P=0.558 
buck, F1,31=2.10, P=0.157 head shake, F1,32=2.52, P=0.122 head to object) in the types of 
behaviour being expressed overall between the positive and negative treatment group (Figure 
2.8).  
 
Figure 2.8. The mean frequency of play behaviour events performed by the positive 
(■) and negative (■) handling treatment groups in 30 minutes with standard error of the 
difference bars (N=40, 4 groups/treatment, 5 calves/group). 
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3.3. Age effect 
The changes in play behaviour durations were examined over the course of the five 
weeks. When the data was graphed there is a clear trend developed which can be seen in 
Figure 2.9. and Figure 2.10. There was a significant decrease in the average time spent lying 
between week one and two (P=0.003). There were also significant differences in the time 
spent running between week one and two (increase, P=0.000, Figure 2.10) and weeks four 
and five (decrease, P=0.022). 
 
 
Figure 2.9. Mean time spent lying over for the positive (■) and negative (♦) handling 
treatment groups (N=40, 4 groups/treatment, 5 calves/group). 
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Figure 2.10. Mean time spent running for the positive (■) and negative (♦) handling 
treatment groups (N=20, 4 groups/treatment, 5 calves/group). 
 
 
3.4. Glucocorticoid metabolites 
When the faecal samples were analysed and the concentration of Corticosterone (ng/g) 
were compared between the positive and negative treatment groups we found no significant 
differences (day 26 P=0.58, day 27 P=0.37, day 29 P=0.24 and day 30 P=0.41, Figure 2.11). 
When the differences between the maximum values (from between day one to six) were 
analysed there were also no significant differences (positive: group three 62.6 ng/g, group 
four 91.6 ng/g, negative: group three 159.6 ng/g, group four 135.7 ng/g P=0.064). However 
the negative treatment group did have higher corticosteroid metabolite concentrations when 
compared to the positive which was what was predicted.  
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Figure 2.11. Corticosteroid metabolite concentration (ng/g) of each treatment group 
over the course of the five week trial period. Day 0 is the day the calves arrive and day 29 
and 30 was when group three and group four (respectively) were disbudded (approximately 
six weeks of age, N=20, 2 group/treatment, 5 calves/group). 
 
4. Discussion 
 
The results from this study did not support the hypothesis that negatively handled 
animals would be more fearful of people due to elevated cortisol concentrations consequently 
suppressing the expression of play behaviour. These findings were not consistent with those 
found by Worsaae & Schmidt (1980) who showed that when strong negative emotions were 
evoked in three and eight week old pigs, play behaviour ceased to occur. The lack of 
differences between Worsaae & Schmidt (1980) and the current experiment could be that 
pigs may be more sensitive to environmental stressors than calves or the handling procedure 
was not averse enough to cause any emotional stress. There was however changes in the 
performance of play behaviour over the course of the five weeks. There were significant 
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increases in running durations between weeks one and two and a significant decrease 
between weeks four and five. These finding are consistent with previous studies which 
indicate that play behaviour in dairy calves (which includes galloping or running) occurs at 
higher frequencies shortly after birth and slowly decline thereafter, with the sharpest decrease 
after six weeks of age (Gomendio, 1988; Jensen et al., 1998; Newberry et al., 1988). Also 
there were no differences in corticosteroid concentrations between the groups over the course 
of the trial period. This means the calves were not stressed by the handling treatment; hence 
there was no difference in the development of play as a result of negative emotions. The 
sharp decrease observed between weeks four and five is likely due to the animals being 
disbudded the day prior to the week five play event. This decline is consistent with the 
finding that a painful stimulus can decrease play performance (Berger, 1980). Tucker et al. 
(2008), illustrated that three hours after disbudding calves given full pain relief (non-steroidal 
anti-inflammatory drug (NSAID) and a local anaesthetic (LA)) before disbudding and control 
calves (were given a saline injection and were not disbudded) spent more time playing than 
those that had been disbudded without pain relief (46 seconds vs. 11 seconds/10 minutes 
respectively). The calves in the current study were also given LA before disbudding; however 
disbudding still resulted in a significantly decline in running and there were no differences in 
the cortisosteroid concentrations of the calves the day of or after disbudding. The reductions 
in play observed in the current study could be due to LA having worn off therefore the calves 
may have been in pain the day after disbudding causing a reduction in play behaviour. The 
lack of an increase in the faecal corticosteroid concentration may be due to the corticosteroids 
being metabolised and excreted before a sample could be obtained (lignocaine suppresses 
cortisol levels for approximately three hours after disbudding (Stafford & Mellor, 2005) and 
there was approximately 20 hours between disbudding and faecal sample collection). 
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In a study conducted by Dannenmann et al. (1985) play running with companions in  
two months old beef cattle ranged from two and six minutes during an eight hour period. The 
results of the present study differ as on average positive calves spend 9 seconds and the 
negatives 9 seconds performing running behaviours in 30 minutes of play recording. Despite 
the calves used by Dannenmann et al. (1985) being older then the calves used in the current 
study; due to locomotor play peaking in the first two weeks of age in calves, the calves in the 
current study should have played more than calves at two months of age. The differences in 
results between the present study and Dannenmann et al. (1985) could have been due to the 
current study inducing play by adding new straw, whereas Dannenmann et al. (1985) 
periodically observed play occurring naturally over the course of the eight hour period. 
Calves perform the most play behaviour between the hours of 0800 and 0900 h (coincides 
with morning feeding), 1430 h (afternoon feeding) and again at 2100 h (Jensen et al., 1998). 
Jensen et al. (2004) illustrated that there is an internal motivation to play behaviour and 
calves are willing to work for a chance to  play if the cost is not too high. The induction of 
play combined with the calves‟ internal motivation to perform play may have overwhelmed 
any effects associated with the handling treatments. More research is needed to determine 
whether differences occur when play is induced as opposed to observing it occurring 
naturally. Play behaviour has been shown to decrease with low energy intake (e.g. calves 
were given six or 12 litres of milk/day and weaned at seven or 13 weeks of age weeks 
(Krachun et al., 2010)). My results could be inconsistent with previous works due to the 
calves being raised on two litres of milk replacer as opposed to four to 12 litres of whole milk 
given in other studies (Jensen et al., 2004; Krachun et al., 2010). In my experiment animals 
were also provided with other supplementary feed to improve energy intake however calves 
were frequently observed eating the straw used to induce play, particularly as they got older. 
This could have indicated that they were not provided with a complete diet resulting in a 
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reduction in energy intake. Space allowance per animal in the home pen could have 
accounted for the lack of difference in play performance between the positive and negative 
groups. If space is restricted then calves will not play. However in this study the pens allowed 
3.4 m
2
 per animal which is sufficient space to generate play according to Jensen & Kyhn 
(2000). In their study Jensen & Kyhn (2000) calves housed in groups of four did not see any 
noticeable decreases in the performance of locomotor play in calves at five weeks of age, 
until space was decreased from 2.2 to 1.5 m
2
 per calf. Therefore the calves should have had 
sufficient space in their home pens to have allowed the proper expression of play behaviour. 
The lack of treatment effects consistent with previous results may be caused by a 
number of variables ranging from issues associated with the handling application to the 
induction of the play behaviour events. The regular handling could have played a role in the 
lack of significant difference by habituating animals to the treatments. Rushen et al. (1999) 
proposed that handling, even if it is averse, may be preferable to no handling at all. The 
negative calves could have become familiar with the handling procedure and the lack of any 
truly adverse side effects may have meant the animals were not sufficiently frightened to 
create any measureable treatment effects. The duration of the handling procedure may have 
been too short to affect the emotional states of the animals. However handling treatment 
effects were present in pigs when handling was applied for 30 seconds a day, five days a 
week for 10 weeks (Hemsworth & Barnett, 1991) and handling produced effects in adult 
cattle when applied twice daily for two to five minutes, seven days a week for five weeks 
(Breuer et al., 2003). The lack of handling treatment effects in the present study could have 
been due to calves being less susceptible to handling treatments. In Hemsworth & Barnett‟s 
(1991) study pigs in the averse handling treatment were subjected to short shocks and slaps. 
In the present study I opted not to physically hurt the calves but rather use shouting and loud 
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noises, which has been shown to be just as averse to cattle as physical trauma (Pajor et al., 
2003; Waynert et al., 1999). 
Due to the time constraint associated with the trial the handlers had to feed the calves 
prior to handling which could have been a confounding factor. During feeding positive 
associations may develop between the handler and the calves via operant condition as 
proposed by Jago et al. (1999). Grandin (1989) illustrated that the delivery of food made 
sheep more accepting of averse handling such as restraint. Therefore the feeding of the 
negative animals may have caused them to accept the adverse handling treatment resulting in 
no significant differences. 
Calves from the same treatment group had visual contact with the groups next door. 
However positive and negative treatments were kept visually separated. This may have 
resulted in animals from the negative group becoming familiar to the noises associated with 
the handling treatment such as the handler‟s voice‟s and tools (i.e. plastic bag and bottle) 
(Waynert et al., 1999). The tools were introduced to keep the handling procedure as novel as 
possible however some novelty may have been lost as a result of acoustic and visual contact. 
The addition of a control group, which consisted of animals only being handled during 
feeding and other routine farming procedures, would have been useful as a means of 
determining whether the negative animals had habituated to the handling treatment. The 
addition of a control group would also provide a comparison of play behaviour performance 
between the positive and negative groups to animals from a „traditional‟ farming 
environment.  
In conclusion calves that were negatively handled did not show reductions in play 
behaviour as predicted by the hypothesis. This may be attributed to a number of factors; 
however the most likely cause was that the animals habituated to the handling treatment or 
that inducing play may have overridden some of the treatment differences. Based on the 
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findings I can conclude that early handling did affect the play behaviour of dairy calves in 
this study. Although there is plenty of evidence to suggest play can be used as a means of 
determining positive welfare, more research is needed to establish how play is effected 
handling in dairy calves. 
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Chapter 3 
 
 
 
 
The effects of early handling on fear of humans and social interactions during 
regrouping 
 
1. Introduction 
 
Regrouping cattle based on age, productivity, body condition, reproduction or health is 
a common farming procedure (Bøe & Færevik, 2003); however regrouping and mixing 
animals can result in increased aggression and distress (Bøe & Færevik, 2003; Coutellier et 
al., 2007). In constructed social groups, such as those found on dairy farms, group size and 
stocking density are based on maximising the profitability of the farm with little 
consideration for the animals‟ needs (Estevez et al., 2007). In feral cattle groups, individuals 
of all ages live together in groups ranging from 25 to 100 animals (Færevik et al., 2007) and 
new members are rarely accepted (Raussi, 2005). Individuals may opt to leave their social 
group if the group becomes too large and it is negatively affecting their overall fitness (i.e. 
experiencing reductions in feeding and reproductive success). In contrast to this, farmed 
herds can be subjected to multiple regroupings and new members are added to the herd 
regularly. Increased stocking density and group size can lead to increased aggression within 
the group from which there is no escape (Bøe & Færevik, 2003; Færevik et al., 2007). Under 
higher stocking densities more aggressive interactions may occur as animals are unable to 
avoid individuals of higher ranks (Kondo et al., 1989; Patison et al., 2010).  
 Problems associated with regrouping are normally worse for the animals which are 
being introduced than for resident animals (Bøe & Færevik, 2003). Animals which are 
subordinate or are new to a social group spend less time lying and eating due to increased 
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aggressions directed towards them (Galindo & Broom, 2000; Hasegawa et al., 1997; Manson 
& Appleby, 1990). During regrouping familiar animals tend to stay in closer proximity to 
each other, tolerate familiar animals more during feeding and direct their social grooming 
towards familiar animals as opposed to unfamiliar animals (Færevik et al., 2007; Veissier et 
al., 2001).  Takeda et al. (2003) investigated the effects of grouping with familiar and 
unfamiliar heifers during three tests (1) a novelty test (encountering an unfamiliar object), (2) 
a surprise test (hearing a loud sound) and (3) a conflict test (involving the presentation of a 
container of food covered by wire mesh). Fourteen heifers were tested with two familiar 
animals, five familiar animals, two unfamiliar animals or five unfamiliar animals (Takeda et 
al., 2003). Heifers which were paired with unfamiliar animals attempted to escape more 
during novelty tests and heart rate was higher during the surprise and conflict tests when 
paired with unfamiliar animals (Takeda et al., 2003). Animals which were paired in groups 
with five familiar animals had the lowest heart rates in the conflict and surprise test while 
animals paired with five unfamiliar animals had the highest (Takeda et al., 2003). This study 
confirms that the presence of a familiar individual may have a calming effect whereas being 
with unfamiliar animals can invoke stress (Takeda et al., 2003). Similarly, regrouping two 
familiar cows into an unfamiliar herd is more stressful then regrouping familiar cows in 
groups of two or four (Takeda et al., 2000). 
Social hierarchical development occurs around three to six months of age and 
coincides with sexual development in dairy calves (Dickson et al., 1967). Veissier et al. 
(2001) investigated the effects of repeated regrouping on calves from three to 17 weeks of 
age. This study showed that calves habituated to regrouping and aggressive interactions were 
rarely seen in calves which had previous experiences with mixing (Veissier et al., 2001). 
However these results are contradictory to what is observed in older cattle. Raussi et al. 
(2005) investigated the effects of repeated regrouping in 11 months old heifers. Over the 
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course of 16 weeks, 16 heifers were regrouped with unfamiliar animals in a new pen while a 
another 16 heifers were not regrouped, acting as a control (Raussi et al., 2005). The results of 
this study indicated that heifers did not habituate to regrouping and every regrouping resulted 
in an increase in aggressive interactions (Raussi et al., 2005). This study therefore concluded 
that regrouping can have a significant impact on the health and welfare of dairy cattle 
(Raussi, 2005). Early social experience may have an influence on the development of social 
behaviours (Bøe & Færevik, 2003). Calves which have been reared in isolation with minimal 
social contact tend to be more aggressive during regrouping then animals which have had 
social experience  (Bøe & Færevik, 2003).                                                   
It is believed that how an animal is handled during its early years will have an impact 
on their physiological and behaviour responses later in life (Grandin, 1997). Throughout 
domestication, cattle with desirable traits such as easy manageability and reduced reactivity 
to humans have been selected, however fear of humans has not been completely eliminated 
(Hemsworth & Coleman, 1998). Fear in animals is established through minimal or aversive 
interaction (Munksgaard et al., 1997) and maintained through painful or stressful husbandry 
procedures involving human handling (Waiblinger et al., 2006). Fearfulness in cattle can be 
assessed using latency to approach a human or approach avoidance tests (i.e. escape tests or 
flight distance). Breuer et al. (2003) assessed the impact of positive (i.e. encouraging close 
proximity and patting or stoking the heifer) and negative (i.e. hitting or slapping the heifers 
with a plastic pipe if they approached or did not avoid the handler) handling on the 
physiology and behaviour of 48, five to 14 months old nonlactating dairy heifers using a 
latency to approach test. This test illustrated that animals that were handled negatively took 
significantly longer to approach within one to two metres of a human than their positively 
handled counterparts (Breuer et al., 2003).  Animals which took longer to approach a human 
also had higher cortisol levels (Breuer et al., 2003). Approach avoidance tests can also 
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provide a very accurate measure of stockperson-animal interactions (Waiblinger et al., 2003). 
Approach avoidance test assess how close an approaching person can get to an animal before 
it moves away. In cattle, animals which have had positive interactions with humans are more 
accepting of an approaching human (Waiblinger et al., 2003). Positive handling has also been 
shown to increase cattle‟s ability to cope in stressful situations by decreasing heart rate and 
cortisol levels (von Borell et al., 2007). Lensink et al. (2001) illustrated that calves that were 
handled positively for 90 seconds a day, five days a week, for four months, showed 
significant reductions in heart rate during transport. Animals which are able to cope better 
with their surroundings are less likely to suffer from chronic stress (Boissy et al., 2007). 
 Therefore the aim of this experiment was to determine whether the early handling of 
dairy calves affects their fear of humans and the development of social interactions at nine 
months of age. It is hypothesised that animals that were positively handled at an early age 
will be less fearful of humans, be less stressed during regrouping and therefore more 
accepting of unfamiliar animals resulting in fewer agonistic behaviours. The results from this 
experiment will allow me to assess if animals which are handled positively from an early age 
are less fearful of humans and are able to cope with stressful situations such as regrouping 
better than those that were negatively handled. 
 
3. Materials and Methods 
3.1 Animal, housing and husbandry 
All procedures involving animals were approved by the AgResearch Ruakura 
(Protocol N
o
 11576) and University of Waikato Animal Ethics Committee (Protocol N
o 
753) 
under the New Zealand Animal Welfare act 1999. This study was undertaken at the 
AgResearch Tokanui farm south of Kihikihi, South Waikato (175
o
 22 00’E longitude, -38o 02 
11’S latitude), New Zealand between the 25 June and the 16 July (Southern Hemisphere 
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winter) in 2009. The group comprised of 60 Holstein Friesian heifer calves, 40 animals from 
the previous trial (chapter two; 20 positively and 20 negatively handled animals) and 20 new 
animals that acted as controls and had been raised by the Tokanui farm staff under normal 
farming procedures. Eight Holstein Friesian heifer calves were also used to act as unfamiliar 
animals. These animals had been raised by the Tokanui farm staff and had no previous 
experience with any of the other calves used in this trial. The animals were all of the same 
age, nine months, and were all housed outdoors under normal farming practice. Animals were 
only handled for the purpose of feeding, when moved between paddocks or during health 
checks; no additional attention was given.    
All animals had been housed together for a minimum of three weeks, allowing the 
animals to become familiar with each other. Two weeks prior to testing all animals were 
provided with meal (top calf 20, Inghams Nutrition LTD, Wanganui, New Zealand) to allow 
them to habituate to the feed thus removing the novelty factor. Meal was distributed in meal 
feeders as well as in the container to be used during testing, thus eliminating any novelty 
associated with the feed container as well. Animals were identifiable by ear tags and tail paint 
(FiL New Zealand, Mount Maunganui, New Zealand) which was used on the forehead, tail, 
and across the shoulders and hips. 
 
3.2. Test procedure 
Data was gathered in two separate experiments which occurred three weeks apart. All 
testing was conducted in the same test arena (see Figure 3.1 and 3.2) for a duration of 15 
minutes. Data was obtained using a digital media player (Archos504, Archos, Shenzhen, 
China) and colour IR cameras (AVC 647 QC3495, Jaycar electronics, Rydalmere, Australia) 
placed at a height of 2.45m, and by live observations. 
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 5.1m 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Key: 
= where the cameras were positioned at a height of 2.45m 
= where the feed container was placed 
 
Figure 3.1. Top view of the holding pen and test area layout. Animals were held in 
pen one and two prior to being drafted in the raceway then held in pen three until they were 
ready to be tested.  
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Figure 3.2. Testing arena from the camera position. 
 
3.2.1 Experiment 1 
The group of 60 animals was split into 10 groups of six consisting of two animals 
from each of the three treatment groups (i.e. negative, positive and control). This experiment 
consisted of two separate conditions.  
Condition one: The group of 60 animals were brought in to the yards and held in a 
holding pen (Figure 3.1). The groups of six were formed by drafting out two animals from 
each treatment and holding them in a separate holding pen (Figure 3.1) prior to testing. Each 
group was tested in the testing arena where a feed container was located 7.3 m from the entry 
point and 3.9 m from the side of the arena, with a human standing 1 m behind it (Figure 3.3). 
The human involved in testing was one of the handlers from the experiment outlined in 
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chapter two therefore positive and animals were familiar with the individuals. During testing 
the handler wore green overalls and black gumboots. The feed container was rectangular in 
shape (72.3 cm length x 38.3 cm width x 42.8 cm depth) and contained 3 kgs of meal. The 
food container was secured to the ground and the animals’ activities were recorded for 15 
minutes. The order of each individual’s food acquisition of the resource and latency to 
approach (Table 3.1) was recorded by live observations and was checked against video 
recordings.  
 
Figure 3.3. Calves eating from the food container after approaching it with a handler 
present. 
 
After the 15 minute recording period, the food container was removed and a calf 
escape test (approach avoidance test) was performed. In the calf escape test (Bokkers et al., 
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2008) each calf is given a score between 0 and 4 depending on its reactions towards an 
approaching person. The calf escape test (Table 3.1) requires the handler to first attempt eye 
contact with the animal (score 1); if the handler is unable to make eye contact after three 
attempts the calf was given a score of 0. If the handler did make eye contact, and managed to 
take one step towards the calf with one arm stretched out without the calf moving away a 
score of 2 was given. If the calf withdrew from the handler (defined as when the animal 
turned and/or walked away from the approaching person) then the calf was given a score of 1. 
If the calf did not withdraw after one second, the handler took another step also with one arm 
outstretched. If the calf withdrew then it was given a score of 2. If the calf did not withdraw 
the handler would try to touch the calf on the nose. If the calf could not be touched it was 
given a score of 3 and if it could be touched it received a score of 4.  
Condition two: This condition was carried out in the same way as condition one 
except there was no human present in the arena during testing, the feed container was circular 
(68.5 cm width x 38.0 cm depth) and there was no calf escape test performed after its 
completion. Condition two was used as a comparison to condition one to determine the 
fearfulness of the calves in the presence and absence of a handler. 
Groups 1-5 received condition one first, followed by condition two, and groups 6-10 
received the reverse. The different conditions were tested on two consecutive days and the 
activities observed in both conditions were the latency to approach the container and order of 
acquisition (Table 3.1) as well as the calf escape test described above (condition one only).  
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Table 3.1. Response measures recorded in experiment one. 
 
Behaviour Definition  
Latency to approach Time taken for the animal to move from the arena entrance to the 
feed container. Time was taken from the moment the last animal 
entered the arena to when the animal sniffed or touched the feed 
container.  
Ranked order of acquisition  The order in which food was acquired by each animal. Acquisition 
was determined when each animal had put its nose into the feed 
container. 
Calf escape test 
(Score) 
0= Handler unable to make eye contact with calf after 3 attempts 
1=Handler able to make eye contact 
2= Handler able to make eye contact and take one step towards calf 
3=Handler able to make eye contact and take two steps towards calf 
4= Handle able to touch calf 
 
3.2.2 Experiment Two 
The group of 60 animals were divided into their original treatment groups (i.e. 
positive, negative and control) and kept in separate paddocks for three weeks prior to this 
experiment. The animals were tested in groups of five with four animals originating from the 
same treatment group and one from an unfamiliar group. The unfamiliar group members were 
of the same age and from the same farm but had no contact with any of the trial animals prior 
to testing. The unfamiliar animals were provided meals in an identical container which was 
used in the experiment two weeks prior to testing. In total 15 groups were tested, five from 
each of the three treatment groups.  
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Animals were drafted as in experiment 1. Animals were then held separately in the 
holding pens and were drafted through the race and painted green, yellow, pink or red on the 
top of the head and across the hips and shoulders. The unfamiliar animal was not painted but 
was given a coloured collar instead so they were easily distinguished from the rest of the 
group. Each group of five was released in to the testing arena where a circular feed container 
(68.5 cm diameter x 38.0 cm depth) was placed 7.3 m from the entrance and 3.9 m from the 
side of the arena; it contained 3 kgs of meal (Figure 3.4). The container was fixed to the 
ground. The interactions between the animals were recorded on video for 15 minutes.  
 
 
Figure 3.4. Familiar and unfamiliar animals eating from the food container during 
experiment 2. Unfamiliar animal is on the left hand side with the yellow collar on.  
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Videos were used to identify latency to approach, order of food acquisition and 
agonistic behaviours such as bunting, pushing, head throws, body leaning, head to head, 
displacement and mounting behaviours. An ethogram of these behaviours can be found in 
Table 3.2.  
 
Table 3.2. Ethogram of the activities measured during experiment two. 
 
Behaviour Description  
Walking All four feet moving continuously. 
Running 
(Duration) 
Any gait faster than a walk (see above definition) e.g. trotting, 
cantering, and galloping. Motion in forwards or sideway direction. 
Eating 
(Duration) 
When the animal has any part of its nose inside the food container. 
Time taken from the point at which the tip of the nose is placed into 
the container until the time the nose came completely out. 
Head to head 
(Duration, frequency if 
less then 1second) 
While at least two feet are moving (hind or front) the calf touches 
(butts or rubs) its forehead against another animal‟s head 
Bunting 
(Frequency) 
While walking (all four legs in motion) one animal approaches 
another and knocking its head into the second animal’s side, rump or 
neck causing the recipient calf to move away. Moving away is 
defined as at least two hooves (both front hooves) are moved away 
from the approaching animal. 
 Body Lean 
(Frequency) 
When an animal leans its body weight on an animal which is standing 
next to them at the food container resulting in the animal being 
leaned on, moving at least two hooves (front), or entirely away from 
the animals or feed container (as above).  
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Head Throw 
(Frequency) 
Head is moved out of feed container and is moved or swung in an 
upwards and/or sideways direction while standing still (no legs in 
motion) and makes contact with the animal next to them in the head 
or neck region. This may or may not result in the animal being hit 
moving away. 
Body Push 
(Frequency) 
Animal forces its way between two individuals already at the food 
container resulting in one or both animals moving away (defined 
above). 
Displacement 
(Frequency) 
An animal approach the feed container causes another animal to 
move away (defined above). This was scored by success or failure 
basis.  
 
3.3 Statistical Analysis 
The tapes were analysed to determine the overall durations and frequency of social 
interactions occurring between the animals in each group.  
In experiment one, the effects of treatment on latency to approach and order of 
acquisition was ranked. Latency to approach was timed; these times were ranked for 
analysis to allow inclusion of animals which did not approach during the 15 minute 
observational period and to deal with non-normality of the data. The order of acquisition 
was also ranked from one to six in each of the test groups. Animals which acquired the 
food at the same time received an average rank and those who did not eat received the 
highest ranking. The ranked data was analysed using an analysis of variance (ANOVA) 
with blocking (random) effects for groups, animals within groups and the two days of 
testing; while fixed terms were given for treatment, handler presence/absence and their 
interaction.  The treatment was tested on the between animal stratum with the handler 
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effect and the treatment by handler interactions tested on the within animal stratum. The 
avoidance test scores, the blocking term was group and the effects of treatment, condition 
and their interactions were tested on the between animal (within group) stratum. The 
condition effect was also examined for each treatment separately using the pooled standard 
deviation for the analysis of variance. 
In experiment two, the frequencies and durations of running, eating, head to head 
and agonistic behaviours were measured. Agonistic behaviours included head to head 
(duration < 1 second), bunt, body lean, head throw, body push and displacement. For the 
duration, there was sufficient non-zero data to allow analysis for eating behaviours only. 
This data was analysed using a restricted maximum likelihood (REML) with random terms 
for group and mixed terms for treatment, familiarity (unfamiliar or familiar) and their 
interactions. The REML model allows for the correlation of observation s within the group; 
however in both variables the group variance was zero. The frequencies of eating and 
agonistic behaviours were log transformed and analysed as for durations. The frequency of 
the other behaviours (head to head and running) had a large number of zeros values 
therefore was analysed using a general linear model (GLM) with Poisson distribution, but 
with the treatment effects tested against the treatment by group interaction.  
  
3. Results 
No injuries or fatalities occurred as a result of this experiment. Social interactions 
were successfully recorded from all animals in all groups in experiment one. Each animal 
in experiment one was recorded for 30 minutes, resulting in a total of three hours of 
recordings per group. In experiment two data from four animals (one group) was unable to 
be analysed due to technical difficulties during the data collection. Each animal was 
recorded for 15 minutes, resulting in a total of one hour of recordings per group. 
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3.1 Experiment 1 
3.1.1 Latency to approach 
When the time taken for each animal to approach the feed container in the presence 
and absence of a human were ranked and analysed, there were no overall significant 
differences between the positive, negative and control groups (21, 22, and 23 seconds 
respectively, F2,53=0.22, P=0.804 , Figure 3.5).   
 
 
Figure 3.5. Median latency to approach a feed container for the positive, negative 
and control groups including standard error of the difference bars (N=60, 6 calves/group, 2 
calves from each treatment). 
 
When each treatment’s latency to approach in the presence and absence of a human 
was analysed no significant differences were found (F2,52=2.17, P=0.124, Figure 3.6). Both 
the positive and control’s latencies decreased with the absence of the handler (positive: 
with handler 38 seconds, without handler 16 seconds and control with handler 26 seconds 
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and without handler 10 seconds,) however the negatives latencies remained the same (22 
seconds).  
 
Figure 3.6. Median latency to approch in the presence (■) and absence (■) of a 
handler for the positive, negative and control groups including standard error of the 
difference bars (N= 60, 6 calves/group, 2 calves from each treatment). 
 
When the overall (all groups were added together) latency to approach was analysed 
in the presence and absence of the handler (Figure 3.7) there was a significant difference 
(F1,52=20.92, P<0.001) in the median time taken to approach the container, with the calves 
being quicker to approach the container in the absence of the handler. 
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Figure 3.7. Median latency to approach with and without a handler at the food 
container for all groups including standard error of the difference bars (N=60, 6 calves/group, 
2 calves from each treatment). 
 
3.1.2. Order of acquisition  
The total ranked order of food acquisition was compared between the positive, 
negative and control groups. The positives acquired the food slightly before (rank: 3.46) the 
negative (rank: 3.45) and the control (rank: 3.60) groups however these differences were not 
significant (F2,53= 0.06, P=0.939). 
When food aquistion was compared with presence and absence of the handler for the 
control, negative and positive treatment group, no significant differences were found 
(F2,46=1.25, P=0.297, Figure 3.8).  
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Figure 3.8. The ranked order the food was aquired by the control, negative and 
positive group with a handler (■) and without a handler (■) of the handler including standard 
error of the difference bars (N=60, 6 calves/group, 2 calves from each treatment). 
 
3.1.3. Avoidance test  
When the avoidance scores were compared the analysis revealed no significant 
differences between the treatment groups (F2,50=0.65, P=0.528, Figure 3.9). The positive 
group showed less avoidance behaviours towards an approaching human followed by the 
negative and then the control group. 
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Figure 3.9. The mean avoidance test scores for the control, negative and positive 
groups including standard error of the difference bars (N=60, 6 calves/group, 2 calves from 
each treatment). 
 
Although there were no significant differences between the treatment groups, the 
positive group were the least avoidant with an average score of 1.25 while the control group 
who had minimal contact during rearing were the most avoidant with an average score of 0.9. 
 
3.2. Experiment 2 
When the frequency of behaviours between the three treatment groups were analysed 
there were no significant differences in running (F2,11=0.346, P=0.715), head to head 
(F2,11=0.482, P=0.630), eating (F2,11=0.40, P=0.680) or agonistic behaviours (F2,11=1.39, 
P=0.290 Figure 3.10). Agonistic behaviours included bunting, body lean, head throw, body 
push, displacement and head to head (if the duration was less than one second). 
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 Figure 3.10. The mean frequency of agonistic behaviours performed by positive (■), 
negative (■) and control (■) treatment groups during the observation period including 
standard error of the difference bars (N=14 groups, 5 calves/group, 4 calves originating from 
the same treatment and 1 unfamiliar animal). 
 
 
Despite the lack of significant differences, the control group performed the lowest 
frequency of eating behaviours (11.19, 9.74, 9.54, positive, negative and control 
respectively), and performed the highest frequency of agonistic behaviours (1.41, 1.60, 2.20, 
positive, negative and control respectively). 
 When the average duration of eating were analysed we see there was no significant 
difference between the handling treatment groups (F2,66=1.08, P=0.346, Figure 3.11). Despite 
the lack of statistically significance differences the positive group spent on average over a 
minute and a half longer eating when compared to the negative and control treatment groups.  
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Figure 3.11. Mean duration of eating by the positive, negative and control treatment 
group including standard error of the difference bars (N=68, 14 groups, 5 calves/group, 4 
calves originating from the same treatment and 1 unfamiliar animal). 
 
When the frequency of eating, head to head, running and agonistic behaviours were 
compared between the familiar and unfamiliar animals (Figure 3.12) there was no significant 
difference in eating (F1,53=0.90, P=0.348) or agonistic behaviours (F1,53=3.27, P= 0.076). The 
unfamiliar animals performed significantly more head to head (lasting longer than one 
second, F1,53=3.89, P= 0.049) behaviours. The most performed agonistic behaviour was the 
bunt with the unfamiliar calves performing on average 2.07 per regrouping compared to 1.19 
performed by the familiar calves. 
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Figure 3.12. Mean frequency of social interactions performance by familiar (animals 
from treatment groups) (■) and unfamiliar (animals that were introduced) individuals (■) 
including standard error of the difference bars (N=68, 14 groups, 5 calves/group, 4 calves 
originating from the same treatment and 1 unfamiliar animal). 
 
 
When the overall duration of eating was analysed and compared between familiar and 
unfamiliar animals, the familiar group spent 6 minutes eating compared to unfamiliar animals 
who spent on average 7 minutes eating, however these differences were not statistically 
significant (F2,64=0.06, P=0.940) as shown in Figure 3.13. 
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Figure 3.13. The mean duration of eating for familiar (animals from treatment groups) 
(■) and unfamiliar (animals that were introduced) (■) individuals including standard error of 
the difference bars (N=68, 14 groups, 5 calves/group, 4 calves originating from the same 
treatment and 1 unfamiliar animal). 
 
4. Discussion 
 
The results from this study did not support the hypothesis that animals that were 
positively handled from an early age would be less fearful of humans later in life. In the 
avoidance test the positively handled animals had the highest scores in total, suggesting that 
they were less avoidant of people, indicating that they were less fearful of people; however 
these difference were not significant. These finding were not consistent with those found by 
Breuer et al. (2003), Welp et al. (2004) and Hemsworth et al. (2000) who found cattle that 
were positively handled were less avoidant and fearful of people when compared to animals 
handled aversely. When the latency to approach in the presence and absence of a handler for 
each group were combined and analysed, it revealed the calves took significantly longer to 
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approach the container in the presence of a human. When the total latency to approach and 
order of food acquisition were analysed for each group there were no significant difference; 
however the positive group did approach the container quicker and acquired the food before 
the negative and control groups. However on average in the presence of a human the positive 
animals were slower to approach indicating that they were more fearful in the presence of a 
human. 
The contradiction between the latencies to approach (indicating calves were less 
fearful) and the calf escape score (indicating calves were more fearful) in the positive group 
may be due to the test themselves. The latency to approach test looks at an animal‟s 
willingness to voluntarily approach a human, whereas the avoidance test looks at how willing 
the calf is to have a human approach them. Due to the calves gaining access to a food reward 
if they voluntarily approached the human may have overridden any fear of the human. 
Feeding and fear represent conflicting motivations. When an animal is eating they cannot 
maintain vigilance for predators (Welp et al., 2004) therefore a trade-off occurs. The trade-off 
may depend on the animal‟s energetic requirements and how much of a risk it perceives it is 
in (Welp et al., 2004). Therefore even if the calves were fearful of a human they may still 
approach to gain access to the food reward, particularly if they were hungry. While the calves 
were being held for testing they had access to water and a small amount of grass therefore 
hunger may have played a role in decreasing their latencies to approach. The order of testing 
could have also had an effect on the latency to approach scores. The calves could see other 
groups being tested therefore some groups may have become familiar with the routine (Welp 
et al., 2004). Seeing other calves approaching and eating the food resource may have cause a 
type of social facilitation. Feed consumption and eating bouts can be strongly influenced by 
social facilitation particularly in cattle raised in groups (Albright, 1993).  Avoidance tests 
such as the one used in this study are suppose to reflect an animal‟s previous experiences 
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with humans (Waiblinger et al., 2003), therefore the results obtained from the avoidance test 
are less likely to be influenced by environmental factors, making it more appropriate for the 
current study.  
The second hypothesis was that the positively handled treatment group would be more 
accepting of the introduction of unfamiliar animals resulting in less agonistic behaviours 
compared to the negative and control groups. This experiment also detected no differences 
between treatments in the frequency of measured activities or the total duration of time spent 
eating. When the familiar and unfamiliar animals‟ activities and durations of eating bouts 
were compared there was a significant difference in the frequency of head to head behaviour 
(>1 second) performed by the unfamiliar animals. The unfamiliar group also spent more time 
eating; however, it did not differ significantly from the familiar animals. This may indicate 
that the unfamiliar animals were more aggressive towards the familiar animals which resulted 
in the unfamiliar animals being able to monopolise the food resource, thus increasing their 
eating time. These findings are not consistent with those of Brakel & Leis (1976) and von 
Keyserlingk et al. (2008) that reported unfamiliar animals were the target of increased 
aggression during regrouping and were the target of increased aggression when lactating 
cattle were regrouped. It is also inconsistent with the results produced by Færevik et al. 
(2007) that reported when eight week old calves were regrouped it was the unfamiliar 
animals which were displaced more from the feed trough then familiar animals. Færevik et al. 
(2007) also found that displacement was the most common agonistic behaviour observed in 
calves. This was not the case in the present study as the most common agonistic behaviour 
performed in all groups was bunting. Alternatively Veissier et al. (2001) has suggested that 
calves habituated to repeated regrouping after 32 male three weeks old calves were regrouped 
once a week for 14 weeks (four months of age at end of trial) without any signs of stress or 
aggression. The reduction in agonistic behaviours directed towards the unfamiliar animals in 
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the current study may have been due to the control, positive and negative groups being mixed 
during the first experiment and already having prior experience with the experimental 
protocol. The calves were separated into their treatment groups (control, positive and 
negative) at least three weeks prior to the second experiment to allow for social bonds to be 
re-established and stabilisation of the group hierarchy. Færevik et al. (2006) found that new 
social bonds in calves are formed in three weeks and bonds that are formed at birth are 
stronger than those formed at six to 12 months of age. Therefore three weeks should have 
been enough time to re-establish social bonds between the positive, negative and control 
animals. Alternatively the time period between handling treatment (one to five weeks of age, 
chapter two) and the social interaction testing (nine months) may have been to long therefore 
any differences associated with the handling treatment may have diminished.  
When the control and unfamiliar groups, (groups which received minimal handling) 
results were compared to the positive and negative handling groups a trend was found that the 
control and unfamiliar group performed more agonistic behaviours; however these 
differences were not significant. This could indicate that the early handling lessened the 
performance of agonistic behaviours in the negative and positive groups. However more 
research is needed to justify this statement. The unfamiliar group also performed significantly 
more head to head contacts (lasting longer than one second) then the familiar animals, which 
could have resulted in better monopolisation of the food resource.  
The increased use of head to head behaviours by the unfamiliar group may be due to 
the animals being older, heavier or more dominant. O'Connell et al. (2008) found that animals 
of a lower rank during regrouping would attempt to avoid more dominant individuals. If the 
unfamiliar animals were more dominant any threat made towards a familiar animal would 
have resulted in displacement from the feed container. More dominant animals have been 
shown to feed less frequently but for longer durations (Stricklin & Gonyou, 1981). These 
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finding could suggest that the unfamiliar animals were more dominant over the familiar 
animals as they did have longer feeding durations, although the differences were not 
significant. This is consistent with previous research which suggests that animals which were 
more dominant and aggressive would get priority over a limited food resource (Welp et al., 
2004).  I attempted to control for size and age dominance by using animals of a similar age 
and breed, therefore it is unlikely that the unfamiliar animals were more dominant. However 
unfortunately they were not weighted; therefore, weight could not been included in the 
analysis.  
   In conclusion positive handling from an early age did not have an effect on the 
fearfulness of humans nor did it have an effect on their acceptance of unfamiliar animals‟ 
during regrouping at nine months of age.  I believe that further research is needed to assess 
the effects of early handling on fearfulness of humans and social interactions during 
regrouping in dairy cattle.   
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Chapter 4 
 
 
 
Conclusions and Recommendations 
 
 
 
It is widely acknowledged that good welfare is not merely the absence of negative 
welfare indicators, but is the expression of positive emotions (Boissy et al., 2007). Play 
behaviour is known to be influenced by physical and environmental factors such as pain and 
malnourishment (Berger, 1980; Chaloupková et al., 2007; Dudink et al., 2006). Therefore the 
presence of play behaviour has been proposed as a means to determine positive welfare in 
animals. The aim of the first study (chapter two) was to determine whether play behaviour is 
influenced by positive and negative handling during early rearing in an attempt to validate 
play behaviour as a potential welfare indicator for “on farm” animal welfare assessments. The 
main hypothesis was that animals which are treated negatively will be more fearful of 
humans resulting in elevated faecal corticosteroid levels, consequentially suppressing the 
expression of play behaviour. The findings from this study, as reported in chapter two, did 
not support the hypothesis and showed that handling did not have an effect on faecal cortisol 
concentrations (although negatively handled animals tended to have higher maximum 
concentrations); and the duration and type of behaviours performed during play bouts were 
similar in the two handling groups. There were also no significant changes in the type of play 
behaviour between one and five weeks of age (age effect) when positive and negative 
handling treatments were compared. All calves spend less time lying between weeks one and 
two and two and three and spent more time lying between weeks four and five. All calves 
spent more time running between weeks one and two and less time running between weeks 
four and five. These finding were consistent with that found by Jensen et al. (1998) in that 
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locomotor play durations (which included galloping or running) increased in the first two 
weeks of life then decreased thereafter (Gomendio, 1988). The current study was conducted 
within a larger study assessing the effects of early handling on behavioural responses towards 
humans and responses to routine husbandry procedure. During the same period the calves 
were tested to assess fearfulness of humans (using latency to approach a handler, flight 
distance and an avoidance test), exploration (were given cow brushes to interact with) as well 
as their responses to novel and painful procedures (novel object, restraint, ear tagging and 
disbudding). The results for the restraint, ear tagging and disbudding tests were part of 
another MSc student‟s thesis. The results from these additional experiments showed positive 
calves were three times more likely to approach a handler; negative animals were 
significantly more avoidant of an unfamiliar animal and performed significantly more 
exploratory behaviour. After disbudding calves in both treatments showed significant 
increases in heart rate, struggling behaviour and respiration rate. Heart rate and heart rate 
variability are used to assess positive emotions in animals as they reflect the action of the 
sympathetic branch of the autonomic nervous system, therefore can be used to measure the 
sympatho-adrenomedullary stress response (Boissy et al., 2007). After ear tagging there was 
also a significant increase in heart rate in both groups. No differences were found in any of 
the other tests. The inconsistencies between the hypothesis and the results obtained in the 
current study could be due to several reasons. Firstly habituation may have been a 
contributing factor. Habituation to handling is not uncommon in cattle and may result from 
the lack of truly adverse consequences (Waynert et al., 1999). In chapter two it appears that 
the handling procedure may not have been adverse enough to cause any difference between 
the positive and negative treatment groups. In previous studies which have manipulated 
emotional states of animals through positive and negative handling have used very adverse 
procedures such as shocking the animals with electronic prodders or restraining the animals 
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in a confined area or with nose tongs (Breuer et al., 2003; de Passillé et al., 1996; Waiblinger 
et al., 2006). In the present study I opted not to physically harm the animals as research has 
shown that shouting is just as averse as physical trauma in older cattle.  When cattle were 
given a choice in a Y maze between being shouted at, hit or shocked cows showed no 
preference; indicating that shouting was just as traumatic as being hit or shocked (Pajor et al., 
2003). However most of the work comparing positive and negative handling has been carried 
out in older calves (over two months of age) or pigs (Breuer et al., 2003; Gonyou et al., 1986; 
Hemsworth & Barnett, 1991; Lensink et al., 2001; Petherick et al., 2009a; Petherick et al., 
2009b), with little work conducted in younger calves. The addition of a control group (i.e. 
calves that were reared by the AgResearch farm staff) that were only interacted with during 
routine farming procedures would have allowed a comparison between positive and negative 
handling treatment to animals from a “conventional” farm. Due to the late calves (trial 
conducted in September out of peak calving season) being used in this trial calves were very 
difficult to find therefore a control group could not be used. Also space was a limitation as 
due to hygiene purposes trial calves had to be kept separate from those reared by the 
AgResearch farm staff. It has been suggested that any handling, averse or otherwise is better 
than no handling at all (Rushen et al., 1999). Having a control group would have allowed me 
to determine how minimal handling and attention impacted on the welfare of calves and 
whether this was considered more averse for them. Secondly the handlers feeding the animals 
may have caused a positive association between handlers and milk delivery. During feeding 
calves may form positive association with the handler via operant conditioning (Jago et al., 
1999). Although the handler did not feed the calves they were to handle directly after, due to 
the large number of handlers and the handling rotation, the calves could have generalised 
their behaviours towards all handlers. Previous research has shown that calves are able to 
discriminate between individuals who have treated them positively or negatively via classical 
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conditioning. During classical conditioning animals may pick up on cues which can be used 
to recognise individuals such as colour of clothing as illustrated in a study by de Passille et 
al., (1996). However older cattle could not discriminate between individuals wearing the 
same coloured overalls and may generalise their previous experiences to all individuals 
(Munksgaard et al., 1997). Discrimination between individuals is made more difficult for pigs 
if the handling procedure is not consistent (Hemsworth et al., 1994). In the present study the 
inability for the calves to be able to discriminate between handlers due to the lack of visual 
(colour) cues or the inconsistencies in the handling (handlers feeding the calves prior to 
handling) may have caused the calves to generalise their behaviour and associate all handlers 
with the delivery of milk, overriding any negative handling effects. Unfortunately due to the 
time constraints associated with this project the handler had to feed the calves in order to get 
through all of the days testing. During the feeding the handlers tried to remain as neutral as 
possible (were not overly rough or friendly). If this study were to be repeated it would be 
recommended to apply the handling treatments during feeding time as well or alternatively to 
ensure handlers did not feed calves prior to handling.  Thirdly inducing play rather than 
observing it occurring spontaneously may have over-ridden any treatment effects. Jensen et al 
(2004) illustrated that there is a definite motivation for calves to perform play behaviour. 
Given that play is observed primarily in juvenile (Napolitano et al., 2009) and that the 
addition of new bedding (straw) has been shown to facilitate play performance (Napolitano et 
al., 2009), these factors combined with the pre-existing motivation may have caused an 
overwhelming urge to play, thereby over-ridding any treatment effects. If spontaneous play 
was to be observed over a 24 hour period then perhaps there may have been treatment 
differences. It could be that the positive animals prefer to perform play behaviour in the 
presence of humans, while the negative animals may prefer to play in the absence of humans. 
If the presence or absence of a human had an effect on play behaviour this could also be a 
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means of determining whether a positive association between the handlers and calves had 
developed. This could have been a possibility as animals from the positive treatment seemed 
to play more spontaneously during the handling procedure, whereas the negative animals 
were infrequently observed playing during handling. In order to determine whether inducing 
play had an overriding effect on play performance more research is needed. If inducing play 
is an overriding factor then this would mean that induced play behaviour could not be used as 
a means of determining welfare therefore spontaneous play should be used.  
Regrouping is a common farming practise however it can result in increased 
aggression (directed towards the unfamiliar animal) and cause reductions in eating and lying 
time which can compromise animal welfare (Færevik et al., 2007; Raussi et al., 2005). The 
second experiment (chapter three) aimed to investigate whether the early handling of dairy 
calves affected their fear of humans and development of social interactions, particularly 
focussing on social interactions directed towards unfamiliar animals during regrouping. It 
was hypothesised that positively handled calves will be less fearful of people, cope better by 
showing higher frequencies and durations of eating and reduced aggression directed towards 
the unfamiliar animals, indicating they were more accepting of their presence. A control 
group (animals that were raised by the AgResearch farm staff) was used in this study to 
compare the effects of positive and negative handling at an early age to animals which were 
only handled in occurrence with “conventional” farming practices. The mean values indicate 
that the positive calves were less avoidant of humans in the avoidance test (not significant), 
overall (when latencies to approach in the presence and absence of a handler were combined) 
were the fastest to approach the feed container (not significant), were also the fastest to 
acquire food (not significant), positive and negative animals were less aggressive (not 
significant) and the positive group spent less time eating (not significant). When the 
unfamiliar calves behaviours were compared to the familiar calves, the unfamiliar calves 
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performed significantly more head to head behaviours (lasting longer than one second, 
P=0.049), had longer eating times (not significant), ate more frequently (not significant) and 
performed more agonistic behaviours (not significant). These results show that positively 
handling had no effect on fearfulness of humans or on social interactions of calves during 
regrouping. The results (trend only) indicated that the positive animals were less fearful of 
humans and less aggressive during regrouping followed by the negative and control. Schütz 
et al. (unpublished) and Stewart et al. (unpublished) conducted a follow up trial on the same 
treatment groups at three months and one year of age. At three months of age calves‟ 
fearfulness of humans was tested using flight distance and an escape avoidance test. The 
control group showed more avoidance behaviour during the test and had significantly greater 
flight distance, while the positive animals showed less avoidant behaviour and had the lowest 
flight distance. Similar results were found at one year of age when flight distance, exit speed 
from a crush and heart rate during confinement in a crush were recorded. The controls had 
faster exit speed, longer flight distances and higher heart rate which did not return to baseline 
levels during the two minute restraint period (differences not significant) (Schütz et al., 
unpublished; Stewart et al. unpublished). Again the positive and negative had similar 
reactions, having lower exit speeds,  shorter flight distances and decreased heart rate (not 
significant); however their heart rate did return to baseline. The similar results in the current 
study and that obtained from Schütz et al. (unpublished) and Stewart et al. (unpublished) 
indicated that early handling resulted in the reduction of fear of humans. Overall it appears 
that early handling treatment had some effects on the fearfulness of dairy calves towards 
humans and these effects were long lasting although not significant; however handling had no 
effect on their social interactions during regrouping. These results may have been produced 
by a number of factors. Firstly animals may have become familiar with the testing procedure 
or the tests (latency to approach and avoidance test) could account for the inconsistencies. 
  
92 
 
When the overall latencies to approach the food container (the latencies to approach with and 
without a handler were combined) for each group were analysed, there were no significant 
difference between the groups. However when the overall calf escape scores were analysed 
there was a significant difference between the groups.  This could be due to the testing 
procedures themselves. The latency to approach looks at an animal‟s voluntary approach, 
whereas the avoidance test looks at how they react to being approached by humans. The 
latency to approach scores may have been effected by the delivery of a food resource upon 
approaching the handler therefore the calves may have been more motivated to approach a 
human particularly as the animals got hungrier. Motivation to obtain the food resource may 
also explain why the animals which were tested on the second day approached the container 
faster as they knew they would receive a food reward. Secondly there may be some flexibility 
within the social hierarchy of cattle which are still growing and developing. In cattle social 
hierarchies are thought to establish between three and six months of age (Dickson et al., 
1967). Most of the research regarding regrouping of animals has been in cows over the age of 
three months and they have all produced similar results in that animals which were 
introduced into a group with a pre-existing social system experienced more aggression 
directed towards them (Bøe & Færevik, 2003; von Keyserlingk et al., 2008). However there 
have been a few studies which have used animals younger than three months of age (Færevik 
et al., 2007; Veissier et al., 2001) and they found that regrouping had no effect on aggression 
and the calves actually habituate to the regrouping process. The results from the present study 
confirmed the results found by Færevik et al., (2007) and Veissier et al., (2001) despite the 
calves being nine months of age when tested (after a hierarchy should have been established). 
Thirdly, the time period between treatment application (one to five weeks of age, chapter 
two) and testing at nine months of age could have caused any treatment related effects to 
diminish. During the age of five weeks to nine months of age calves received minimal 
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handling, perhaps if handling treatments were applied during this time then it may have 
caused treatment differences.  If this study were to be repeated it would be recommended to 
use an alternative test to latency to approach or to look at latency to approach without a food 
resource if possible, to apply handling treatments right through until social hierarchy 
development and to look at social interactions both during social hierarchy development and 
compare this to social interactions at one year or age or during first lactation.   
 
Future Research  
 
There are a number of areas which need further research in order to explain the results 
obtained in the current study. More research is needed to determine what is considered 
aversive for a calf. In this study what was thought to be adverse based on research in older 
cows did not produce any difference in the treatment group. Due to calves being so 
vulnerable and reliant on humans for food maybe it is more the quantity rather than the 
quality of handling which impact on calf welfare. Also additional research is needed to 
determine how long handling treatment effect last for if the animals receive little to no daily 
handling. Previous research has illustrated that early handling can decrease the reactivity of 
animals towards humans however most of this research has been done in lactating cows or 
heifers which have daily contact with humans. It would also be interesting to investigate 
whether more adverse (i.e. shocks and slaps) handling produce longer lasting effects. 
Research is also needed to examine how the social hierarchy of cattle is formed during three 
months to one year of age considering Holstein Friesian heifers experience a critical growth 
period between the ages of three and nine months (Bar-Peled et al., 1997). Weight and size 
dictate an individual‟s status in adult cattle groups (Welp et al., 2004) therefore it could be 
predicted that as animals continue to grow and develop their social status will also change. It 
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would seem logical that there is some flexibility in the hierarchy in order to determine social 
positioning quickly in social groups in order to prevent overt aggression. It would be 
interesting to compare social positions with weight and size during this development period 
to determine whether these are regulators of social status in younger cattle. Also I would 
recommend looking at submissive as well as agonistic behaviours, as submissive behaviours 
have been shown to more accurately portray stress during social confrontations (McGlone, 
1986). Furthermore it would be interesting to investigate the connection between play 
behaviour and social hierarchy formation. Locomotor play developed into play fighting at 
approximately the same time as social hierarchies develop (Dickson et al., 1967; Gomendio, 
1988). Play fighting may act as a means of determining an individual‟s place in their social 
hierarchy until animals have stopped developing.  
 
Implications for Farmed Animal Welfare 
The dairying and livestock industries are critical to the New Zealand economy. The 
area of stockperson-animal interaction has become increasingly important in animal 
behaviour and welfare research and this area will continue to grow with the public awareness 
and concern for animals safety and welfare (Williams et al., 2007). Therefore it is beneficial 
for the New Zealand economy to invest in research to improve stockmanship techniques and 
to improve the welfare of farmed animals.  
Although the present study did not find evidence to suggest that negative handling has 
an impact on play behaviour in dairy calves, more research is needed to determine whether 
play behaviour can be used as a welfare measure for “on farm” animal welfare assessments 
by using an alternative methodology. The results from the follow up work at three months 
and one year of age conducted by Schütz et al. (unpublished) and Stewart et al. (unpublished) 
at three months of age did indicate that handling had an effect on fearfulness of people and 
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similar results were observed at one years of age (flight distance). Therefore this indicates 
that the amount of handling an animal receives may be a contributing factor in the 
development of fearfulness in cattle. The present study indicates that the amount of early 
handling may possibly have affected some aspects of social behaviour (less aggression) but 
more research is needed to justify this statement. This information could potentially influence 
farm management techniques, providing safer working environments for farmers by 
producing less fearful animals, which could in turn increase productivity of livestock and 
most importantly improve animal welfare.  
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